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^ \ 



7 ajucstt 

-6 p^-JyKJB 
- 6 «5fcl 

a J^y^rJi {AlOaN) 
-2 Tin 

1 tatm (*7T^r) 



(2) 

1 

[it^^3 ] mm.r i m(omii 1 0 0- 1 5 0 0 n 
im^4 ] BUST i m(7)mm± 200-iooon 

mit^h. mim2'^A<7>\.^^ip\tzw^mm^ 

InP. ZnPm^ZnO'b-hm.^flh'>^tc<b{>l 

t^zmmmm^^m^f-. 20 
[mimi 1 m^^ii^mt^^mit<m\.zA 1 « 

InbGai-a-bN (a = 0, b = 0. a = b-=OS:^ 

1 - 6 <7)\^'ftif}^\izms.mm\m'f: 

[i«:«83 BUfa/^'•y7rMtiAlaGal-aN (a = 
0. 85-0. 95)Vhh. :ib^^^h^hWim. 

it.z^mmw>m^. 

taero. 9) x-fca. ^it^mit^hmmi^mi 

(T^^'f. 30 

[fg^Ji 1 0 ] m,^mmh:m. 
wmsL<r>}L\,zT i m^mm-hiM. 

imim 1 2 5 frax i jg^j^^^-s lycctuE^to 

1 2\,zm$mmim=f^^-m. 
imm. 1 4 } fr^T i m<r>wm^\tm}^'-'2 5 0 
xrchh. zh^imt-fhwrni 1-1 Bw^-rti 

{mm. 1 5 3 fi^T i m<7>^m,\m\s: 1 5 0 -c 



1-177141 

2 

7 r rs«<7)±t;iuiaT i mimm^fih , <i a 
mt-rsM^i 0-1 b<n\^-fm-{zmsL<r^im 

[m^l7 3 llrilS^USiiJT'fcO. MSiS« 

(r>±\zmiTimimm^fih. :it'kwskt~rtw^ 

[ft^i 8 3 B?r^T imia^s i^co ( 1 1 

1 ) mu,z^^ixt. ^t^mmt^m^i 7tc 
w&^mm^hJimm.\,Z'^tixt. ct^m.t-t 

hmmi 7^t<tii 8t;iBilWS«cSi^i0^ii:fir 

3S 1 9 tciem^O^i^cS^ co^^ra. 
[iif^2 1 3 BOlET i^fcMiaGaN^^i?5^(4£M 
fccO^tCA la I nbGai-a-bN ( a = 0. b = 0. a 

^{z^^iLh. :Lh^mkt'rhm^i 0'-'2 0<n\.^ 
^m^tizmmmm^'^(7^iim. 

liS^2 2 3 HUiBT i ^fc miBG aN^iO^WcJi 
tiO^tcA 1 GaNA*^>^Sv\'v7rii$:. 2 5 0—3 

^w^t^hm^i 0— 2 0(7)v^^rfL*Htie®(?>^ 

[|tM2 3 3 mUT i ^fcttTEGaN^W^ttc^ 
tCO^CA 1 GaN**^>^^M'v3'r^^. 280-3 
3 orcOiSE-C. ^:^$-^^M*«Mt;:^^ix^. <lt 
^i^fc-^-S^^l 0'^20(7>\,yfixijf^\.zWm^ 

{m^2 4 3 laiBT i Si: BaiaGaN^ir)^i4c® 
fciO^tCA 1 GaNA>/^^^M''y7TS^. mt?3 0 0 

x:(r>imx\ m:^^t:Lmm.^z^t.ixh. 

Siti-5ii^l 0-2 0W%-rix*>t:M£O^i4c^ 

tcOlStCA 1 GaNA-^>^r^A-y7r^S:. GaCOW^ 
ax/ ( G a<^^J1Sj;<rx+ A 1 (TyMl^iiX ) - 0 . 5 3 

-0. 8 7(0^;ujtt\ m^^^hnwrn^z^tix 

zt^:mLti-^mmiO'-'24<r>\,^ni^^zm 
imm2 6 3 mBTimtmsiGsLN^co^m 

tcO^iZA I Ga,m^^^h/^yyrmi: . GaCOtt^J 
;(fX/(Ga£^«^;ir;^ + Ali7)^^^;<fX) =0. 63 
-0. 80:0^/UltC. ^;^$-fr$xS3&«^fc:^^n 
::tS:!^t-rSiS^10-2 4i?DV^1VL*>t::E 



3 

[mm2 7 ] fiiET i mtm^G a N^^iO^i*;® 

^xmsT i 5 0 0-7 5 ortM-rs 1 J: 

[fmms 0 ] fflBE^i? 'J --y ^^ti^^=5:^^ 

't'TBirET i 5 5 0-7 0 ox:izmm'^ Ht^J: 

^^rgirET i®^6oo-65 ox:tcjn^'r^ ntfcX 

®*^fi£?ixSiTco^. BUifiT i ^ti7 5 ox:OTt3 
fiUrn^. ^^^#^^^^1^^10-31^01^-^1 

i)Hz^(o^m^<7m^um. 

®*^^5ii^»iT«s BfrifiT i ^ti 6 0 ox:OTtc 
fiy::ii^.. ^fc^#®i:-tsit^io-3iw^-nt 
i}^zmL(r^im^com.ifm. 

-3 3<ov^-mAHcE®i7>^S«cSi=^SB§:fir^. 

im^m 3 7 3 m^mntmm t mfefa<7)T i ® $> 

i:-t«.^^3 6 tMfDHm. 
[iS^]l383 fiETi^iOTOtil 00-15 00 

[i&^3S3 9 3 MET i ;iOlg^*i2 0 0-1000 
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4 

ifM3 7-3 9i?DV^-^Vl*^tcEmcO® 

[11^4 13 im^ltiSi. GaP. GaA 
s. InP. ZTiPm/ZnOi)^hm{^iXh'ytc<t 
i,lo^*rm-i^^i:^#Si:-rS. ^^3 7-3 9 

<^\ynu)^^zmL<mmw. 

aInbGai-a-bN {a = 0. b = 0, a = b = 0^^ 

10 Slt^3 6-4li^i^-f^Tj&H;:McoS®it:. 

[11^4 33 HOlBv^-y^rStiAlaGai-aN (a 
= 0. 85-0. 93)Thh. ^tSrmt^^if^ 

m2i,z^mm¥f^. 

[11^443 mi^Uyrm\tA\^G^x-^n (a 

tititaro. 9)'Chh. :L}i^mWit^hmimA2\,z 
mm.(n±.\,zT i m^mi-thJM. 

m i MiO±tlG a N^cO^fifl^m-r 
[M^4 6 3 ^^ti^mmtiZT i i7)#^fHi:5Sr^ct 

{ZXm^^ith. ^h^#®t1-&tlM4 5t3iB® 
[11^4 7 3 BolET i g^r^^^-t^MtcfriS^iO 

4 7 izm^commm^mtm. 
imm4 9 3 HiET i ®io^i^ia^ti^ia-2 5 o 
r-cfts. ^t^mt-r-sm^«4 6-4 8ov^-^ 

[^^5 0 3 mBT i ^C7)fig|^ja^tiat3ri 5 ot: 

izimmmi^mskism. 

40 mt'r^m^4 5--5o<oi'^rtii}^i>zsm<mmi^ 

<o±{zm^Timimm^tih. ^it^mLt-r^m 
;^4 5-5 om^-mttHzsmiomMi^cmmim, 

[il?^5 3 3 METimoaESiS^cod 1 

mit:mt^i-hrMimizifttih. cttimLt^ 
50 6m^5 2^t<it5 3izmt(mmmomm:jm. 



5 

im^m^ 6 } ffiBT i mtmBG a N^(/}^m 

fcCO^tCA la I nbGai-a-bN (a = 0. b = 0. a 

b<r>mzA\Gam^i:>^^f<-/yrm^. 250—3 
[ m^m 5 8 1 ffifiBT i m tm^G a N^co^m 

t(^mzA\Gam^£^^h^<yyrm^. 280^-3 

^#ffit-r^if^3i4 5-5 5£ov^-m*s3ie«Eiom« 

[|f^5 9 ] BUET i Mfctir^Ga N^CO^i^cJi 

x:eoi^x\ ^^^^^xmm.i>z^ttih. :it^m 

^ti-hm^4 5-5 5COi^'rtli}HZBm^WMi^iO 

im^e 0 ] BUET i Si: f^G a N^CO^|^«C^ 
tcom{ZA\Gam^^^j:h^^yyrmi:. GacT^m 
(GatfOtt^;irx+AlcOWfJ;<rx) =0. 53 

-0. s7(D^}\^itx\ ^^^^hxntm^zurtti 
zt^mkb'rm^4 5'-'5 9co\,^'nii)^izu 

m^ms 1 ] friBT i mtm.GeLN^<o^^m 

t<r>mzAlGam^hKi:t^<yyrmi:. Gacom 
iffX/ (GaC0W1£J;(fX+Alt7)$f^;(fX) =0-63 
-0. S0<O^fi^itX\ m:^'thXnif^i>Z^til 
;t^1tSS:i:-rSM^4 5-59C0V^i^>t^ 

im^me 2 } ii^t i mt-m^GaN^<7>^ii^m 

t<om{ZAlG3Lm^^^j:^^^yyTm^. Ga^OtJ^ 
(GaCOWI^^X+A lco*r^;!rx) =tJt3r0. 

t ^#Sfc-r^M^4 5-5 9<^V^-ril**fc:M£7)m 
(t'Tlu^T i 5 0 0-7 5 OX^izMm-^ ^ tci: 

^rfhti6. zbt:mLbttmme3^mi(7)mm 
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6 

tt^THiaT 550-700 x^iztmt^ :LbizX 

^nhM. ;ibmmb^m^6 3^mt<^m 
^ximr im^eo 0-6 5 ort^jig^i-s^ihtcj: 

imme 7 ] i^-'5r< b t-oiOfiieG a Ni^<;o^ 
f*:®*^fiE$iXl.^TO^. tmr i ati7 5 Ot:WT 
10 izmitit. Zb^mWLb^hm^4 5'--6 6<^\^^ 

tU)Hzim(r>mmi¥(owtm. 
immne 8 ] ii^^t < t t>-o<OBiiieG a n^co^ 
<*;i**m;5^ii.^-Ci7)fa. BuiBT i sti6 0 ormT 
izmitih. :ib^i^mb'rm^4 5'^6 6<D\rf 

[000 1] 

m^^zmt^. 

30 [0002] 

[m:<rms] GaN^co^mmtim^M^'f 
btxmmT^^zbim^ixx\^t, M^^m^^ 
T'(i. mLbVx-^mzvyr^ri)m^^i^iy-^. 

[0003] 

±mf}^^n *) m Lf:i\i^mm^yt^m'Frm<o^y r 
{ooo4}'fyr-(Tm^itttimmTh^. 

ib. m'f^^ x<7)A^mzmmij^^->ti. mix. ^ 
[000 5] ^jt. -^-^T^fr^aoftbotsi 

40 J:ntf. S i£^tfr)±fc:GaNmiO^*Wi^^;^3ii: 

t;ibmmizm^h->ti. ^<7)Mmcr>-':>btx. 

SifcGaN^CO^#:^^JI^^(Ol^S>S. SiCO 
mBmmtii4. 1 X 10-VKTJ>^.Ofc:^tGa 

w<mmim\ts. 59 x lo-e/K-ca^o. 
3ii^i^iO/h$v\ ^->x. Ga\\^mmm^m^ 
^^hmzim&^hb. sis«*«i*^$^iGaN^ 

%^ GaN^iO^«c^|*JtC^|o5IOl5:^*5^l:. -^tO 
50 *^4t5rV^^Ti>t&^fc:M;^3!)^tS, ^oT. GaN 



(5) 

7 

[0006] :icowmii(r>x d^j:mmizmi^x. mm 

[00071 

34 6 5^(aiiaA^#^970 15 2/^taA^ 10 
#^P0 0 60) tJsV^-C. OTcOTOCSJOt. CltL 

® msL<m^wfG3^nik(r^^hn\:.vhtz 20 

© I mL<r)m'^- G a N^c7)^«tC0l»^ I 
/GaN^^O^«c<7)f&i^^ ^ 0. 0 5-Cft^ 

(fio^. wmi^mLtG3in^<r>^wm<o^% 

[0008] :L<7>^o^j:^^m^'fhnmt tT. a 

<ti>^comm. mhG3iN^(r^i^mizm-tmi,z 
<r>mm^^micoiiimTm0. LxmRcrmm^^ ^± 
r4TmL<m^tnmz^ ^wmtm.t<m\,zA 

1 N-«?>GaN£Oj; ■3=S:A la I ntGai-a-bN {a = 
0, b = 0, SL = b = 0^isti) iy^i^tch^^^/yrM^ 
it^^'thZtifiX^t, 40 

[0 0 0 93 ^^¥9 -2 9 34 6 3^ (ttJlSA 
^#^9701 36/rat\^#^P0057) fc: 
iiltf. SiS«i:GaN^CO^iMt<0^ti5:^)M 

LT 9-29346 5^X\t 

LTT i *q^$ixTV^e. fiP^. S i SteJit^lT i M 

im^^ti. ^co}i{zGaNW^co^wmtm&^fih 
m^(r^^{m'f-im^^^tix\'^h. 50 
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[0010] ;icom\t. JJB2o£05fe60ailit^L 

m^ziiimi>mi}^Timt^tif::mit. ^:mtx^t 

GaNMiCO^m^^. 

[0011] :i<7)X 3 iizm^^titi^i^^izXti 
(f. GaN^<:r>^M*f%p1^^li5i$r«^J©^. ^ 

X\^tim<omMcomm^t^j:^, ttz. GaA 

s CO i a {z^mm-thttmxmwL^rm^ttii^r^izts 

[0012] {GaLNW)^i^mK^^^X) GaN^ 

(7m$i^tmuim.itwmi^x^-:>x. --mj^zi^ 

AUGav I ni-x yN {O^X^l. O^Y^l. 0 
gX+Y^l) X-m^flh, ^Jt. ttSfiOH-M-yf^ 

•/KM) T-s^^n^ii^-cs^o. mMiziimm=fmm 

^tl^Wf-l"^^^ G a N^<7)^{^X'mm-^ z t 

ijxt^. G3iN^<7)^i^m\im^<omL±mit-^ 

m^Mm (OT. TMOCVD^j t\^d.) iZXO 

m^^ti^. tfz. mwy^H^i^ms^^ (mbe 
m ^zx->xhmm'rhztifpx^i>. 
[0013] (^ccov^T ) mmt^comm. m%G 
aNm^^^itzn}p\'tmi^r i xm^^tixnti 

com im^rn) ^m<^^<omxm^-t^zti/^x^ 

rdT immt<\±T i^xm^tx^^ . mmm^ 

m^coTixm^-th::tiyX^t. Kefs. GaN^ 

^t\i\ tti. mm^^mmi>zim^tix\>^^^ 
[00141 fi^ti^frt LT^mttSr^r-r s <i t 

J: 0 G a N^^MtriM^S C t :ip^f£ti 
=SrSo ^oT. GaN^CO^flcMT'^^^^Xti^ 

^^/tx.yf-y^;t»qr^t:S:S. 02 l^o^fT-Mi.*?. 

n^yy mufw^^iftxn^izm^mi^zim^nt 
tiih. -u. v-yr^r^com^it. ztimmrc 

h-^tifzibmMm/p':^y'y\^m^:i:^yi'yytXn 

x\ ff^umuizm-^^^yf^y'^i^^i^^j:^* mi^ 
r-yf^^ttiii^^-'iyr-/r<o^i>^izfm 



(6) 



1 0 0 1 5 ] ilcoXotcmi^mm^l^tiiblC 
ti. S«iOSM$:Cr. Hf , Nb. Re. Ta. T 
V. 2rai^Y^:i:'c0^mttiO^. Si. GaA 
s. GaP. ZnO#r/l3ZnSe^^^^S, 

im^Mttznu ryx~7cvD. ^cvd. ±cyd 

^COC VD (Ch em i c a 1 Vapour Dep 
o s i t i o n ) . XV\*>y ^ . (Physic 
al Vapour Deposition) ^FCO:ff^ 

[00 163 

r^rm^mcr^mizMm^Timipmm^tit, mi 
tiT i m^m^^e^mmm^m^^, m i ^i^m 

;: 0. 5 nm/s 
;: 1 50X: 



=5:i5. @liO^cO^tiTigtC*ttT0 (PHI) 20 

l^W GaN^^«c«CO«Sam=&ffiI±-r&Jti^tti 
^<0±^t=5:^T iMCt^v^^^ottj&^^^ii&cIi: 
timdirtirvn Ti#igB^Hfc:m-2.<^ (PH 
I ) x^^yTli. ^yrju^3 6omm^^-ttit^ 

(Cjy^^CO (1 0 1-2) ffitcM^-r^6O£0e-^ 
;&>'#i^tLS. dt3^ (PHI) :;^.:Sr^y'C6*^ 

t:?!ii^i:#;l^>iiS. 0 (PHI ) ^^^^^(cioi^Tti 30 
Journal of Electronic Materials, Vol. 25. No. 11, 
pp. 1740-1747, 1996i&#«S;^it/!V^. 

COO 171 i/c. mKoi^^mhiz'^fc-oXT im 

hfzibThh. U-oX. i~-^ymcomm^^^^m^ 40 
Etif+mcom^Scolg:^^^^^^^^ (Ma : 

10-7Torr) H^hhCOX. t^^t^m^-'J^Wk^ 
^Mt^K^rrSX 1 O '^T or r±XMS^^\^-^h, 

1 0 0 1 81 t-i)-mm^<7>m^. w&^^y-rt- 

9Xm%(mmztmrh i: i: t tC. T i <nf<^}V9 t,Z% 



11-177 14 1 

1 0 

[0 0 1 9 ] 0 ( PH I) x^^y\ty ^ 'J -/~rx^ 

M^mMm^nrnx^ (l^p^ : X-pert) t,ZX ^^^tl 
(lar^o^ (PHI ) x^-v^tcov^Ttf^l:. ) • M 
2iiZ<i> (PHI) X^^y<?)*g|| (Ti^: 3 0 0nm 
C0t§) iO^S-^. 02(zm^TicO ( 1 0 1- 

2) ffitm-ti.eocoe-^'iT)?^ (ffiM) 

[00203 aico^lliO. Tiia^'I^WMSiO^ 

m(mm^zm^^ti& t i Mto^^ji 1000-150 

OO^y^Xhn— wt. ( 10 0—1 500nm) t-^S 
<Ii:*«iJ^U\ Ti^coM0*noOnin5feSfrS>S 
tm^J:^^M^ni^fl-t. ttllSOOn mmtX 

r im^m<^^imii^j:^\ m<ofzibiz^^m' 

hfSrXhhii^^X'hh. mf^^\>zWih(Ots:^^ 

im^Wi^'rhctizx*). GsLNm^a^mxm^t 
fzm>oi^mm^n^^tvf::h<7)\rMmT i mxm 
^fi. mm^imth:iti/^^\>K m-yx. GaN^^co 
^wmx^tfz^<^mMmz^mtf^m'^<7)mmiphM 

^(.zntt<\:^. Ti^<^Mi^2 0 0 0-10 0 
00^:x^^Xhn-A (200— lOOOnm) t-f 

[0021 3 03ti1^7 r >f rS«ttt-fcttST i 

0coi»li0 (PH 
I ) :^^A'y^::J:0^|3te-^o^l^^ (fflJtffi) X 

: 1 50^ 
: 3 0 0 nm 

[00223 m3<m$kX^. T i Si0^^3fJ^*iO . 
fo. Ti£7)^^^S:2nm/sJ.Xbi:'r&^fcti^ 

[ 0 0 2 3 3 @4 ti1^7 T >f rS^(wt>*t S T i 

]^^coaS^?am (^^^co^ia^) 

^, S^i^ttii^ (PHI) x^Y>'t:i:0^:'::t^-i5' 

0. Snm/s 



: 3 0 0 nm 

[0 0 24 3 mA.<m^x^. •^yr^rmi^'^i.zn 

5-2 5 Ot:Tft 0 . W^zWiZUt L< ti 1 5 0-2 5 



1 1 

coo 251 m5\t^yrArwE}dizHnh'Yimm 

0. Snm/s 
:: til 50X; 
300nm 

m Lfzt^cohcoThh. wm\mitmmf>z^ (p 

[0026] m3<m^X^. TiMlc:7 5 0*C$:l8i. 

mi^tf s T i m<r>±.\.z^M^j:< 1 :>60G a N^CO 

^Lm<:ibmtL\f\ ^^icOGaN^iT)^ 
Wclcom^i^ £0±CII 2 C7>G a N^iO^WM 
^■r^ClilA^T'^SOT. miiOGaNa^c7)^<*;li7) 

mz^\^xrimmmi}^i&rLxi>. miocaw 

m<5^>^f*^^OfeB«Btt*5*m?:ftTV^§[SO. m2^0G 
m 5 <Dm^X 0 . T i m<0±.lfZ^M^j:< t t-'-:>coG a n 

[0 0 2 7] meitv-yr^rmihizm^^fv^Ti 
mco±iz^izA I Nnco^<vyrm^m^v. ^<o±i,z 

(26 : 20-1 OOJ^) x^-^y^M^iryrrT. ^(O 
2e-oiX^^yiiy^^j 'yr:^*i^4Mm*SM 

mi (iSn°p^ : X-pert) izX *)^^t: (lUTi02 <9 -a> 

[: 0. 3 nm/s 
Iiaj^:{il5 0t: 
3 0 0 nm 

[00 28] ttl. A 1 NS!cO>''?-/7r^^?^^-t«'ffir 
i,zM^^ (3X1 O-^To r r ) 'CTi/-»^7r^rS 

^^eoo-crs^mfaMfiLAc m^^'J--y^) . 



4 0 ox: 
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1^mifX2 : TMA 

#^Ur^:^ : H2 

[0029] GaN^tiTiiiT^frT'MOCVDatCJ: 

jagf : looor 

$r^;y:^i : ry^-r 

^rM;«rx2 : TMG 

^^'jr:^X : H2 
10 ^tJ, mT^Ofi?l|t3t5ViTGaN®(^B!^tiLffli:^ 

[oo3 0]m7imetmtum(tz-?\.^x4> (ph 
I ) x^^ry^^-ytlb^<7M^Thh. me&xm7 
mm^h. Ti y-^ryr-irmmif^. A\w<>yy 

rm^it-LX. fi£«n/cGaN*i1ffitV^fe^^^r 
r>frSte±t3GaN^cO^«cS^^:g$-lttltf. ^ 

m^irm&'t^iiii^x^h. 
2f) [003 1 ] msit-^yr^rmn^^zm^^ii^Ti 
m(r>±iz^izA 1 GaNm<r>^^vyrm^m^L. 

±tC^:^;? tl^ G a NMc^^ett ^ /:!a6<7) 2 <9 

(2<9 : 20-1 OOjg) X^^yo^^^^^-f . 
:5riD. A I GaNig£0V^>y7T^^m'tSflt:^^4» 
( 3 X 1 0-5 To r r ) TT i /-^^ r -< rS«5: 6 0 
0T;'C5^faML:t (M^^'J"-y^) , A 1 Ga 

30 m. : 300X: 

tt^;{fxi : ry^-r 

?f^£J;5rx2 : TMA 
imiiX3 : TMG 

^-t^yriSX : H2 

[0 03 2] Q3LNmimeAx/m7eDm^tm'-'<^ 
^xMocvDmizxm^Lt:, m9\msi:ntu. 

IsKcov^T^ (PHI ) x^^y^n->tit^com^x 
hh. m9mms<7>i^m^^. ri/^yr^rmi 

AiGaNJ'\-/yrmi:itLX. ^^^MlGa. 

7t(?Dlfc^»;^. /<vyrm^A 1 GaNSfc-r^ph-e 
c^±Cm;&ii«.GaN®i7)teatt*«J: '9^<=Sf*^fc 

[0033] @10tiTi/-t7T^rS«Uit;:. Ai 
GaNyN'-y7r^Sr:rt'LT. ^:g^ii:^GaNC0M^Bfi 
^^i-5o-/^y^;(r-yT&^>. ^itn y^y^;<? 
-ycOifeM*-*^. ^^ra^ixif. ^iOGaN3&J%3t^ 
"f-m^h^mt txyc^^j:^^^^tiJ^h 

50 [0034] mi ItiA 1 GaNig^SD^fN'-y^rStO^;^ 



(8) 
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13 

mm^^^LXni^tLti^ (PH I) X^r^y<^6^e- 
COM O C V D cr^fHiiSCiOji 0 Tfc . 



14 



TMA 
TMG 

H2 

^•v y r;irxsajt {tmg/(tmg+tha) : 0.625 

rm<^^^}^it2 5 0-3 5 O-Cbi-^^lti^nt L 
vv ^tcifit<ti280-330x;TS»«». HkiHt^ 

[0036] mi 2tiAlGaNMcOM'-y7rl?r?^^ 
-r^l^OTMG t TMACO^ -v U r;<f;^MJth G a N 

^fttt4> (PHI ) X=3f-vyi06*i7)tr-:?^^(:OTO 

yy\'|^=^^^ (3xlO-5Tor r) ti:Lr6 0 0t:. 
5:JHa^To}t. A 1 GaN|JOA.y:7r^C0MOCVD 

300t; 

TMA 
TMG 
Hz 

^ A- y r ( tmg/(tmg+tma) : m&m. 

G a N ^COJ^^fNilSe^O t 0 . 
[0037] 01 2£7)fem**i^^'V'Jr;^fXc7)iSaitti 
TMG/ (TMG+TMA) =0. 4-0. Sfc-tS^ 

$nSW?I^XiO^;HtT(.^Ofc. TMG/ (TMG+ 
TMA)=0. 53-0. Slt't^Ctifint.LW 
3!tc$fiL<ti. f«I^Slfc0. 5-0. 7 (|5l^;l'lfc= 
0. 6 3-0. 80) •C*>&. IgtC^iCiSFiKtil^BE 
mo. 60-0. 6 5-CJ>^», ^'iT)^^^. l^^fiJt 
-0. 6 25 (R^;l^it=0. 737) 35fiSt>l6F^U^ 

[0 0 38}*%H3^*^<7)^ti:n*f. mi2<7)1^^ 

/ (TMG + TMA) =0. 625t^tt^ f<-/yr 
lcOffl^tiAlo.9Gao.iNT*>o/c, AlaGai-aN 
gk?5M'.y7r^(3±3V^TAlfiOmJtatiO. 8 5- 



10 



Mm:^2 



0. 95t-rsrt3iPmLV\ 
[ 0 0 3 9 ] 0 1 3tiT i /ir7 r >f rS^iO^' 'J-^ 
yiriaSi:GaN<7)^^Htti:C0W^S:^'r, 0OiffiE«ti 
09tNfigtLT^<^ii^:0 (PHI) X^^y<7)6^ 

<m^i^\i^(OtmXhh. AlGaNA.y7r 
^at/G a NScO?^^S^i08£^i^t I^-'C*)S . 

>f rsaifcT i ^^^;&«:SK^MOC VDf-iry 
Ap^TE^ (m^: 3xlO-5Torr) (ztT. ^ 

-fs. m¥<r>m.%E,n (a) -c^'t^"j"-y^<;«:^ 

*i1?-7r-f rS^fclT i MOCV 
D^-vvy^/vkS^ftl&t (f-^yM'rt: 1^) . =7 

[00401 01 36o^^^^>. ^yr^rmikxzT 



20 



30 



40 



50 



M^^XlS\^.\.X9 >J--y^-r'&i:J£^CO^<'^Ga 
nm<rmh1x^^bifiiyipt. U--V^^^0SJ^ti5 

0 0-7 5 0X:i:-tSC:t3i^ifiU^. 5gt:*f*L<t± 

5 5 0-7 0 0r:Tfcl.. 5gtC5gtC^J^t<li6 0 0- 

6 5 0X:TJ)^. i^U-3iy^^^tf9i:^cO^^*±# 

mi^^M:\.zmth%><niX'hhi:^. siai^-e^ofifecoW 

[ O 04 2 1 01 4*iS i Wm (111) ®±t3^« 
t3tTiteB^HttcO»>xyNa?MR#tt$:^. fiL. Ti 

tmt) . 

[: 0. 5nm/'s 

:: 1 5 0t: 

30 0 nm 

s imtizntx. ^yr^rmmco^bmrnzLx 
mm^^-i^^x yj^M^^mm^izmm^f^ 

( 1 1 1) ®fc:Ti^^il^Lf^i:$^Ot£mS' 
014^Ol|jSl•C^. =S:t5. 014tiTi^co(l 0 
1- 2)mi>zm-^<i> (PH I ) x^^ycJ^mSr^t 
Tv^&. -^r, 01 4<7>ffi^(±^5gv^-yiOffiftci^«»'\' 
•y 7 r- H 7 ires i 3I«^ 1 0#fg^ t # CO 
t60-C$)S. 01 5ti01 4<7)|fi^T i ^co ( 1 

1 2- 2) (PHI) X^A-y^r^m?:^ 

[00431 01 4&i;01 5<7)igmJ:0. ^a^>''^>'7 

r - H 7 -/Brt-a^ t s i mL<r>±imm^fvf:iT 1 
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1 6 



[0044] mi 6\Ml 4<7)i><ribmUICS im&CO 
(100)ffi±tC||^t^Ti«fiO(l 0 1- 2)M 
{zm-ixt* (PH I ) x^^ycotem^r^-r, mi 7ti 
Rt<Si^60 {100)®±t^^L>tTi^cO 
(1 1 2- 2)®(C^S0 (PHI) 

[004 5] 01 eai^l 7£^lfe6^i^. SiS^O 
(10 0) mJiizmmttir i ^ti. S£«fc^^*lfc:4^* 10 



014-17(^miO. SiS«c^±tcm*g^Ti 

S^J^firr^^tctiS i S^^o (111) S±t::T i 
[0046] 

imm\ Wiz. :i<r>^<mi(^mm<mm:^ 

5:01 8 

[0047] mwm(nx^v nxd^iTM'^'Qhh. 



p-GaN:Mg 

I no. isGao. ssN 
GaN 

^^^vmhf^')rm<m'o%.\M. : i- 

g 4 : n-GaN : S i 

3 : Alo.9GaD.1N 

: ^yr^r 



n ^ 7 '/ K 

nm 2 
mi I 

[0048] n^y>/\^mA\imm5m(r>^m=f-^ 

<r>fzm^^fvf. v-y^/l^rnM. ^yyW\xoMJl 

5 i: P ^ 6 1 A^COT ^' -br 

^'^K-rt/^^^'y^'^A'•yr^7)J£V^A U I nxGa 
1-x-yN (X=O.Y=O.X=Y=0^-iS-tf) M^tfr^E^^'tt&^t*'' 
,r^iti3ffe^5ftiCaA:^ii:t^Wpi?^'y 

metr^Msmcom'^-fi'im.p-mtmmimioM 
7i^-f\^mmp'mbi)-^^j:^2mmmtth:ibifiTt 

[0 0 4 9] Ji^t-fcl^r, ^A'-z^rSS^-CiOJ^^ 

mm 1 0 iofe^^ii^ t ^ t mmz'h h . 

[ 0 0 5 0 ] #G a N^<7)^MtM»iOMOC VD 

(TMA) ^hU^^;P>f yi^'n'A (TMI ) tSrjg^ 
[00 51]^31&1tm7*i^^^tf^]^$>0, Pi^ 



(0.3>^n) 

(3.5nB) 
O-Snn) 
-10 

(4jLtl) 

(15ni) 

(300nn) 
(300/zm) 



P ^ 5 -y b'S 4 6 
45 



n ^ 7 -y 



: I no. tsGao. ssN 
>'<'jrJi : GaN 
fi^^#F^i:^<'jr®iOSiOiRL|gt : 1' 
S 44 : n-GaN : S i 



^=7-, h'i6£o±ffifioiiwfi^^m&Sorm^$^tSo 

pM8 t>^^^tfW^TlS^$tLTi> 0 . I^^ti i 
^t14mg7cOJilC^g^^/lS, nmi9*«n^7-yF 

mA.\{zmm^f\.h. 

[00 52] (^2l|]^M)019tC:<^0^cOlS2cO 

^r>r=t-H2o-c*)0, 0i8tc^t?tmio^ 

30 >f5j— K2 0ti>'N''y7r«2 3$:Al NiihL/^t»<:0*C 

[00 53] {%3mmm')mi^\z^<nmm%^<n 

IBK^'<^-K3 0'CfcO, mi ^\.z5v^hfz^\<^:mi 

Mcomty^ >i-- F 1 0 1 m-^^^iziim-<7y^^ 
40 [0 0 54] im4msm)m2i^:i(7Mmcr>m4cr> 

GaN:Mg (0.3/iB) 



(3.5ra) 
(3.5n«) 
"10 
(4/i.) 



(10) 

1 7 

jiyyrM 43 : Alo.gGao.iN 
Ti^ 4 2 : Ti#ig^ 

41 : Si (111)1 

t0055] Al GaN^/N'y7rl4 3*i. |g2|| 

hZti>T^^, GaNi^(^)4^f<c®4 4-4 6ti, m 

icrmmmtmmvh^^iQU ^<-/yrmi'mtti lo 

[0 0 5 6] J:E(C±3V^T. Ti^4 2i7)J^^^li@ 

mo^<^yyrm4 3imi<ommt^m\>zLxm^^ 
tifz. 

[oo5 73^ttmffi4 7ii^i^'^o^irrj»o. p 
m4 6eo±^(mnm^j:^^^m-oxmm^ti 
pm@4 8i,^s:^tf*j^*ciifi£$nTi5'5. mm 

\^X^W^W^l<n}L\z^^'^iXh.Wmt^(n'^'t 20 

[0058102 2 tm4llSfeMO^MI$:^-r. =5: 
fc. 02 1 hn-(rM\z\m-(r^^¥iVX^<rmm 
-^^m-th. 02 2tc^J:9t::. ^^'•y:7r^4 3^0± 
t^P^y'^ y H^4 6. ^B1^4 52itfn^'^'/b'^4 4 
i^Mm;^§-t^:T^3l^^ 5 0 S:^8^-r 5 ^ t fc-C^ 

^<?^i^5 0c7)J^. fitaMi^t^n^^^ y K^4 
4i^m}Mh-^£h<nx^z.<nw^W& mi\<r>'m 

47#BS) i&W-rS^rfc^^tgfc^SrS. @£0^58 
[ 0 0 5 9 3 ceo i 0 C18fl£$iTJt|g4llMfi?!liW^«c 

%^x\t. %<n^mxhhmm-9 - 2 9 3 4 6 
x\ s imLtGaN^<7>^ii^mt<r>^jmmomz 

imth^yy9\iGaLN^(r>^Wm(^z^t'Kh^< 
[ 0 0 6 0 3 *M)t»^jiffl^ix2»S-?ti±EiOa% 

i^b LX(ommmzi>:^%mii^^iihi>cr>Thh. 
[00613 iKo^itiM^mnm^mmmm^ 
m<omii,znm^^fi^hcom^j:<. mmtco^ 

[00623 OT. d:cmm^m^h. 
(80) ^yr^rm&timmL.mmizmim 
^^titim.<^i> t xm-y r ^ rmt^^T i ^mmh 
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18 



(15ni) 
(300nM) 
(300/iii) 

^^izmmizm^scor i m^mm-tim. 

(81) miTim<7)^(mmii^o. ^nmXsm. 
xhh. ^t^mit^h. (80) tizmsL(^iim. 

(82) liiiaT i McO^]m^t±Mia-2 5 ot:-cfc 
5. c:t^#®fc-rs. (80) t^M^o^r^, 

[00633 (83) METiMco^l^mJtari 

50T:rfc&. ^i:^#®i:-t& {SO) ^zwm^ 

(84) BirSTiMiOM^S: 100-1 50 Onm 
tt-S. ^It^mLti-^ (80) - (83) cOV^m 

(8 5) BUIBT iS£7))l®5:2 00-1 0 00 nmt 
i-S. ^ti^^t-ta (80) - (83) cOW-m*- 

[00643 (86) HUifig^*^$^:t^td:. 

A;T^?Stt;{fx$:^gf$'^^Xg$: 10t t<ti1^lH]tf 

=ff^. ^t^^SEt-r^ (80) -(85) cov^-rii*- 

[00653 (90) Si^^Jptit. MSig« 

^mtr¥L. mmitzmm^^tv^^<^rxns 

1 (111) micT i t i^imsii-r 
^ s i ms,±.izmmi(c^^HcoT i ^stjb^-t^:^ 

(9 1) msmmi^yyf^t<^i^<yyr-}'y 
-/Wt^iftjmzx^^htih. ^it^mLt-t^ (9 

0) iZsSMcTiUm. 

(9 2) luieTi;gCOfiE|gaf^>&^0. 5nm/sl.:lli 
X-m. Ztt:mit-r^. (90)^t<(i(91) 

[00663 (93) fliaT i ii7)^Ma^tiM?a- 

2 5 0'CT'^l.. Ztt:mLt't& (9 0) ^L<ti 
(91) iz^coim. 

(94) I5IBT i ^<?DB£Miag»i*5e 1 5 OX:-Cfc 

I.. ^t^MSt-rs (9o)^u<*i(9i) izim 
mm. 

(9 5) |liETi®£7)M®^l 00-1 5 00 nmi: 
-fh. ;it^W^t-tt (90) - (94) i7)v>i^* 

[00673 (96) BuMTiSco]^^2 0 0-l 
0 00nini:-r&, ^tSr^tTS (90) -(9 

(97) lo^g^^$iiJtl©tt*i. m^WD^ 

$:3teSI^-^^XSi5rllHltU<ii^I5imK ^<m. 

mt^^yf<t^^n^^\t~ft:it\.zx^^o. ^ts: 
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[00683 (100) Ti^M±^^GaNi^^O 

(10 1) iijiawiia^*i5 0 0-7 5 ox:Thh. 
zt^imt^^ (10 0) {zmL<oi)^, 
(10 2) fMmiasu 5 5 0-7 0 ox:-c$)^. 
b ^^t-r s (10 0) ic^iO^rSo 10 
(10 3) BuEMiS^iie 0 0-6 5 ox:x'ht. 
ct^mLt^i> (10 0) i,zmm<r>:^^. 

^ (PHI) X:^^y£7^m^S^-rf-^-b0'C*>5, 

m5}m5\i'^yr^rmm±.i>zmm^ii:^Tim^ 

m^i:m-^yymvh^. 
me}^yr^rm±.i^m^^tifzT\m(o±izw 

izAi Nmo^^^yyrm^m^t. ^<OJ:.i>Z^^^tlfZ 

mi\m\m^h.ny:Mm\z'^\^x4> (phi ) x 

[08 3 08t±i?-7 r -< r^«Uit:?g^5iTJtT i ^co 

fi£;^$iUtGaN^^^$:m5-r&t*^C02 ^ -a> 

[093 09t±08t^5ll:M^^fc:ol^T^ (PHI ) X 
^ ^ y fir o :t # iOfeHS: ^-l-f-^r - b 0-C S . 
[ 0 1 0 3 0 1 0 tiT i r -< rStthC:. A 1 G 



[01 1 3 01 itiA I Q^Hm<nt<^^yyrm<r>^^^ 

n.t G a Nfe^t OH^^^-r 70T*>5 , 
[0123 01 2tiA 1 GaNSJ^>'N'>y7r^^J^^-r 
^I^OTM G TM AiO^^ y r ^yx^fijt G a Ntg 

^}L<rmm:^fyyWQhh. 
[013 3 01 3\tT 'x/^-7r^rwm';^)--y 

[014 3 014tiS xWm (111) ffi±tC^^L 
^Ti^cO (1 0 1- 2) teC?t^S<^' (PHI ) X 

[0153 015014(?)MM<7)Til(;O(l 12- 
2)W^n^h4> (PHI ) X^r-^yi^l^S::^^^^ 
-b0-C3^'&. 

[016 3 016tiSi^i7) { 100)ffi±tC^^U 
TtTiScOd 0 1- 2) ffitcWS<^ (PHI ) X 

^^yfiotems:^-r^^-b0-r3!>s. 

[017 3 017U016^Oim6OTi;ifiO (1 12- 
2 ) WiZ'^h ^ ( PH I ) X=^^y60|£m5:^-r^ 
vb0'C*-&, 

[0183 m\s\tc<rmwm\mmn^'m=^ 
[ 0 1 9 3 0 1 9 *ic co^^jcom 2 <r:mm<mm'^ 

[02 0 3 02OtiC<:O^^cOll3llte0!l£OW«c^^ 

(;o*ifi£^^-rffirffi0r3ss, 

[02 1 3 02 \\tc<rmwm4<Tmmmm^m. 

[02 2 3 02 2ti^iO3%BH£OlS4cO||||feM6^^Sm 
^^^«lffi0T*>S. 
[Wcom^3 

10. 20, 30, 40, 50 WfMFi- 

1,41^ 

2,42 Ti^ 

3, 43 i^-/yrM 

4, 5, 6, 44, 45, 46 GaN^^i^c^ 
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[4gttJ03¥fi£ 10^9^2 95 

mjEMm.^^} mm 
im^} mm 

^. 

imm4 ] MET i m<omi±2 o o-i o o o n 

[M^^63 fn^f4c^tiSi. GaP. GaAs, 



InbGai-a-bN<a = 0. b = 0. a = b = 0 

im^S\ I^IEv^'•y7rBtiA l a Gai - a N 
(a = 0. 85-0. 93)Xhh. 

[it^9] m'^/^rimAla Gai - a N 

iiztmm^mm'f. 

wj i m(r)±xzG 3.H^mmi/^mt:mm-hiM. 
^&^^r^: ^ g a i\^(r>^wm=f-(m^1i^. 

immi 2 3 imt:mm'hmzmMm 
<^wmdj*f>i^^%'m^zmi't^:Lwm^z^tix 
5, ^t^:mit^^wm\uz^<r>^wm=f<n 

1 2{zmLmmmf<om:^m, 

immi 4 3 t^T i mcomsmmi^i^'-'2 5 o 



(21) 



^^^11-177141 



imtm 1 5 ] mBT i ®c7)fiaKiastit5t3r 1 5 ox; 

sit^mi 0--1 5(7)\^^Mz^co^im'r-<m 

311 0-1 5courtU)HzmL<7>^m^'i'<Dm:j3 

[ft^jsis] ms^nmimsm^m^osi m 
1 ) ffiid^^ii^. nt^mnii-^m^i 7c 

t-r^mmi 7^t<msi,z§mio^m^<^m 
-Vy -ym^istilSXitfhiih. iit^mLt-t^m^ 

tCO^iZA la InbGai - a- bN {a = 0. b = 

0. a = h^O^-^tf) i}^t^^j:h^^^yyrm^m^-rh 
xn^iznttit^. ct^mLt't6mmiO'-'2 
0 co\e^^MzmMmmimiHom.:ffm, 
[m^m2 2 ] friar i s fcm^G a N^cr^m 

tcom^ZAlGeim^i^^h^^yyrm'S:. 250—3 

50'c<Dimx\ mM:^-^hxmii^i>zi^tti^. ::t 

^^#Slft^M*^l 0-2 0(r>\,^Tixi}HZ^co^ 

imm^ 2 3 ] ffiaT i m t mBG a N^O^i^c^ 
b<7)mzA\Ge^m^^^t^^yyrmi:. 280-3 

3ox:(omx. ^^^'ti>xw^i>z^tixh. zt 

[11^24] fiiSTi^tMGaN^f^)^i*c^ 
i:i7)^t3AlGaN*^i^=Ct5>'N'-y7r®^. (50:300 

xiioja^T. &L^^-\thxmtmiz^tiih. zti:^ 
mt^tm^i 0'^2o<D\^i^-^smco^im 

[i«^2 5 ] &mT imtmBG a mco^^m 

i:60fat3A 1 GaN*^i^=5:SA'y7rl$:. GaCOl^^ 
ifX/ ( Ga<Dmm^X+A 1 Otf^^X ) = 0 . 5 3 
-0. Sle^^Jl^itX'.^^^-t^Xm^^iZ^ttl 
::i:i&MSii:^l>i!f^l0-2 4OV^'rtL*>tiE 



ilCO^tCA 1 GaN)^)^^,^r^y^'7 7TJi^. GacoW^ 
(Ga(7)t|^;yx+Al£0«^;<rx) =0. 6 3 
-0. 3 0(7)^)1^^-^ ^^^-t^XUiP^iZ^ttL 
^fci&:rai:^§M^10-24<7)\,^i^H3E 

Cit^27] B^Ti^i:Ba^GaN^C^>^flcl 
t^O^t-A 1 GaNA^^>^SA*y7rM$:, Ga^0^f^^ 

^x/ (Gacom^^^AKDm:^:^) =m?o. 

7 3 7£7)^;HtT. ^:^^-^-&XS5(f^t;:^iixS. ^ 
bimkb^hmmi 0'-'24<r>\^'n^Hz^co^ 

[M^2 8l msS.^^yyrm^m^'thmliZ. 

^, :it^mLt'tm^21'-'27(D\^^^i}^tZm. 

li^ex 5 0 0-7 5 ox:^zimth;itizx o^f 
hfi^. ct^:mLti-^mm2 8iz^<rf^^im 

m^T i ®^ 5 5 0-7 0 0X:(3»r^,^ fctcJ: Otf 

htih. ztt:mLbTm^2 8(,zmLm^m 

BineT i 6 0 0-6 5 OX:{Ztmth:itftZX Off 

hti^. ctimit'ttmm2Sizm^<o^im 

[mm3 2 1 {if^j:< t i)— PiOflalfiGaN^O^i*t 
BoiaT 1^7 5 O'COTt:: 
fly^rfL?,. ,lt^^fc-tS»:^l 0-3 icov^-m 

[M«3 3] ii^-^<i:t-^^Ol9ieGaN^^04^(*: 
Mfm^^ti^ trcn^. mIBT 1^6 0 OiCOTtc 

Mz^co^im^mmm. 

Mz§m(o^im^. 

^wp\,zm^<7pm^'f<7^-)im. 
[is^3 6] Gsin^mm^wmt. 
mm'im^znm'hmti^Tmt^fif:iW^t. 

\.mm3 7 1 -mmAm/^mb^m^cryT i mh 

h1-«^M^3l3 6tc:E^coS®f4c. 
[i?^3 8) mETi^£7)]^(±l 00-1 50 0 

nmx'hh. zt^^^h^hm^3ifiz^mm 
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im^m 9 ] msT i m(^mmit2 o o- 1 o o o 

s. I nP. ZnSe^ttXZnOA*^>iStR$iXl»ii^=S:< 

a InbGai-a-bN(a = 0. b = 0, a = b = 

(a=0. 85— 0. 9 5) T&S. CltSr^t-f"^ 
^«4 2ti^comM«c. 

[11^^44] ^m^yyrMiiAl a Gai - a N 
2tcismcoMf*i. 

mr i l£^±tlG a N^O^«cS5:BB£-rSXS. 
[19^4 6 ] ^mmnmzT i 60#t£B«ah=5:l.i: 

4 7tiifiai?)m®i<tt7>im^. 

lM3a4 9 3 fflBT i ®60fi^2ajgti^ia-2 5 0 
-CTftS. ;i:^#Sti:-tSfS^4 6-4 8W^-^ 

mm^^ 0 3 rniST i m<ry^mm.\t\m 1 5 ox: 

T'ftS. ^ fc^l^at-r -611^4 6-4 scov^-rtLA- 
^4 5-5 0<7>V^i^-CIB3!JltOMf4cir^ji:^r^. 

mm3 3 ] ffET i m\tmwm<n^ i ( 1 1 

l)®±tc^$tL&. ^i:S:imai:-r6^^5 2Cc 



}L^hmm.'S7.^\.<\ts3\z^<mmm^^ 

C 5 5 3 fiSSr^i^ L < ti^N' -y 7 r 

imm 5 6 3 laiBT i m t mmG a nrnmrn^m 

tCOl^itZA 1 a I nb Gai - a - b N { a = 0. b = 

5<oi^-rtii^^izmLcommwcommim, 

[^OT5 7 3 BoETi^tlQ^GaNi^tO^M 
tcO^CA IGaNA^i^^^M'-y^r^S-. 2 5 0-3 

5 0'c<7)^mT. ^^^^hxmmzi^tix^. 
^imt^^M^^ 5'-'5 5(o\^'ftU)HzmM<r>mm 

[iffOT5 83 m^TimbmmGa.N^co^m 
tcom\fZA\GsLm-P>^t^^'yyTm^. 280-3 
3 0x:<7)i^^X\ ^^^^t^xnti^iz^^tih. ;it 

^imt-t^m^4 5-5 5(r>\^^T^^iz^€omM 

[iS^5 93 fieTimtB9EGaN^C0^(4sM 

t<omizA \ G3Lm^h^j:i>^<-/yrm^. tJt?3oo 

©t-rSM^4 5-5 5cov^-riiA^fc:Em^O®®«c(^ 

imme 0 3 mflBT i®t BO^GaN^cO^^c® 
t(OmZA \ G^m^h^^^^-jyrm'^. Ga£0*t^ 
iffX/ < G a.<0$^n:9X+A 1 <7)m:^:^ ) = 0 . 5 3 
-0. 8 7(0=e)\^ftT. m:^^thXWfmiZi^ttl 
Ztt:imt^^m^4 5-^5 9<D\t^-ftii}^ltZM 

imme 1 3 mBT imtmi^G a N^mmim 

tCD^lZAlGAm^^^h^UyrM^. Gai(7)m 
iffX/ {GaCOifin/fX+AlCOtim:^:^) =0. 6 3 
-0. B0<O^J\^itT. ^^^-t^Xni^iZ^tfl 
:it^'mit^^m^4 5'^5 9C0^i^'rtli)Hzm 

imme 2 3 i?fiBT imtmBG a N^<7>^wm 

t£7)fSt:A lGaNA>^>^?>y^-y7r^5:. Ga<^*J^ 
iffX/ (GaCOttMX + A\COl^m:^X) =\mO . 

7 37<7)^fuitv. ^m^thxwm^z^tfi^. n 

t ^!HfSi:^SiS^4 5-5 9^0V^•fi^3&H^id^^O® 

[^^6 3 3 mB^^^yyrm^mm-miz. ms, 
T i m^M^^T^ 'J -=^yy-rhxmmizi^tti 
;it^mLt^i>m^56'-'e2m^'rtii}Hzm 
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BuiBT i ® S: 5 5 0- 7 0 0 -CtcMi-t^ - 1 J: 0^T 
f^T i^^6 0 0-6 5 OX:^Ztmt^:it^ZX Olt 

{«|cM*5m^n&^-C60^s BolBTi^tieoorOT 

COOOl] 

m^izmth. 

[0002] 

Ct^iOeffi] GaNi^i0^f4cti«H|xtf#fe^Si^ 

Tii. msitLx-mmiz^yr^ri}^m\i^htii>, 

[00031 

^'vmt^^tti^m^iz^m'c^^j:^^^. 
[ 0 0 0 4 ] -9-7 r-(rm<omi^ttt:^mvh^ . n 
tea. ir7r>frili^)S^iii^N^T^)5?ta^l^-M(ffl 

[00 0 53 i/^. if7r>frWiO^£Oftb>?t:s i 
-OfctT. Sii:GaN^i7>^|^f*cfiO^MI^II*5 

simm^ma^A. i x lo-e/K-c^^ 

«,£0(C*tLGaNi7)^^^iati5. 5 9 X 10 



\\%(mmm^^^^'thmzim^^h t . s i ^ 

£«E3&^#:^$ilGaNi^£7)^l^(*cHffl*fE^^<t 9 

[00063 ClcO^^UClOi 9 ^iRStc^;^T, ^ffl 
[00073 

3 4 6 5^ {\tim^Mm^^9 7015 2/ft5&A^ 
§^poo60) tzfcv^T. OTiT^OTtiiSSIt. 
^I^L;t. fiD*>. SKc7)±CGaNi^co^#«c^^r 

<3> GaN^<7)^«ctS^fc£0S&^1i*f^*f^f^t 
© GaNmc7>4^«c<;0|^J^^|g[i:Sa^O^^^ 

® ^cOfep^m^tJiGaNi^O^ttciil^fCa^^^ 
t 

® I StecOlW^- G a N^tT^^m^m-m. I 
/GaN^cO^flccO^&i^^ ^ 0. 05Th^ 
(EO^. gfi^<^m^^iti:GaN^O^(4c«cO|§i^S 
mi:iOll*^±5%OT-Cfc^) Zt. 

0it<ti±ieo^fNoa^£^-=5:<tt>3-^. 
5g»tt<l±±IB^f1^9^ii'''^<tt4o. -eL 

X.mi^ntLK^i. 5-:><m^^x^m&th. 

[00083 Z(OXo^j:^m^'tt^nbLX. fit 
^i7>$fe^OtfilS^8W9 - 2 9 34 6 5^TUV><0:*^ 

^^tixi^h, tti. ^^wmco^mzxtiitmnic^^^j: 
<bi>^comm. mt>Ga.Nm<7)^wmizmthmi>z 

ti\,^X±M<mmm&tXiifHiJ:\'K 1^-oX. mi 

crm^m^^^M<7)i^mxmmLxmmcmm^^^± 
r-^Tm(omL<om^tmm(>z^ ^mt^tcof^ 

iZA 1 N^GaNOio^A U InbGai - a- b 
N(a-0. b = 0. a. = h^0^iSti)t('h^^^^^/ 
y rmtritmith Z b ii^X^ h , 
[00093-:^. ^W^9-293463^(aiMA 
^#^9 70 136/fmASa#^P0 0 5 7) C 

xtiif. s im^^bGa^^co^imbcomfcm 
:hmmm<o^j<-/yrmm^^tim^<o^im 



(24) 



i^^^l 1-177 14 1 



[0010] CC0^\i. ±E2oc05t<3Dai®rgl^L 
[ 0 0 1 1 ] ^coJ: 

Ztitim^^mmX't^. X^X. M=S:1?-:7r>f 

^tix\^t::sm<^m^m(m0j(j^t^j:t. g 

100 123 (GaN^<0^i4tMtCOUT) GaN^ 
cO^f^cfca III Sl^^!tW^(*tT$)-oT. HKft^l^ 
tiAlxGay Ini - x-vN (O^X^l. O^Y 
^1. O^X+Y^l) -C^$tL-&, tt:. eSi?5F- 

mtft^^tL^-m^T^^M X I: G a N^CO^i^Xm^ 

mit^m^^^mmr. tmocvd^j tv^ 
[0013] (^tcov^T ) mi\^^<mm. ed-^g 

aN^W#MtC*tfta-r€.ffi*^T i Xm^^tlXiiil 

im^m) ^i^co^t/)mxm^-tt^ti^xn 

tsr imm^LKiiT i^xm^bxa^ . mmm^ 
mim<^Tixmm-^^thx^^. ^ij, GaN^ 
<r>^m^zMm-thm\tm^BTimtrh:itm 
tLw tti. ^^Mmmm^m^fixi^h^ 

<OTX. T\i:Ti^izi^th:iti>X^h. 

[0014] miit^t Lxmmm^^ ^itm 

mEmx 0 G a N^6^>^«cl{;r3i^«. t ij^miz 

^oT. G^Nm>^^xmM'i'Xi±^ 
m^^n^h t t^t^ixftm.^m\im\izm-h 
wm:x,«/^y'^tpm^z^j:h. ®2 1 <mxmt\f. 
n9yy YMim^^it Lx^m^z-m^mzw^mh 



mmx'h-otifiiibmmm/p ^y-/ km^xv 
y^Lxn^y ym^m^t. :ifimutmmf^i,z 

[0015] ncox 0 izmiizmm^^^ttfciibiz 

t±. micom^m^Cr^ Hf . Nb. Re. Ta. T 
i . V. Z r&X^Y^t'(7MW^<^m. S i . GaA 
InP, GaP. ZnO^t^tCZnSe^?^^ 

M^hmi^mi>znt. r^xvcvo. ^cvd. 

^CVD^COCVD (Chem i c a 1 Vapour 
Deposition), X>'\-/^'. (Ph 
ysical Vapour Deposition) 

[0016] 

If, m^comsmbtX'^yr^ri:mmL. ^^m^y 
T^rmi^m<7mmi>zsm^Timimm^fi^. mi 
tiT i m^Bmm<omM^m^'t. m i ojsm 

0. 5nm/s 
mm^: 1 5 0*0 

^tJ, SltfOiSiS«|C05SJgftiTilMLT^ (PHI) 

$k\\ G^,^^mmim<mm.t:^±-'t^ti^(>z\t 

'5-i7)±^h =3rS T i MIC t>^t^tg|Mt*^^$n^ - 1 
trta^r't>=5rv>. =Sr±3, T \3m^B^nth<f> (PH 
I ) >^.^^yTti. -^-yr/usrseorae^^rfc^ 
tC7^:^^o (10 1- 2) Mtr^^lS-tl.eoi^)^-:?' 
*i#^>n^, :i<nXo\iz^ (PH I ) x^^ryr62»w7) 

t:>Sv^t#x^>^i5, (PHI) x^-^y\.z-y\i^X\t 

Journal of Electronic Materials, Vol. 25, No. 11, 

pp. 1740-1747, 1996 5:#,^;^fL;tV^. 

[00 17] ^Z::. 01cOig*$r#S(C^^oTTiM 

^mm-hm^zTmM^^^o . mm\iziyct^% 
^ntit%%>mLXhh. i-^ryfm'^'^yr^rm^ 
M^-fe-ybt, Tmi\^mM^ixhn^^yrx^^i 

0- 5 To r riLT'^^^l^ t'ec^)^S;5rx'Cf-^y 

f'^mimth, c:cof^^3i5i^o^t-. ^nu, ^ 
m^mzwwi(m^m>\^x\±m^\zm^ (S 

Sr-^lO-^Tor r) 1^ht<nX\ 
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mmif^^^t&^^yrrsxi o- 7 to r r^r-m^ 
[0018] i)^i}^m^<omT^. Sttt^S:^ vrt 

[0 0 191 «^ (PHDx^A-ytiy^f y-yrxttia 

Mnn^^nm^^ (iS.a^ : X-pert ) (CJ: Olf-? 
3t (felT^O^ (PHI ) X:^r-V'ytc:^V^TtNt. )* 
@2t30 (PHI ) X^r^VfOfe^ (Ti® : 30 0n 
mtfOi:^) 6O-0l|^^-r. 02tC3^cTicO (1 0 

1- 2)miiz.nm-her>(n\:-9<rym, kmim <r> 

[0020] 0i£7>fe*j:o. T\\m<m^m(7m^ 
m(^^cmzwsSL'^ii.hT i SioK^tii 0 0 0—1 5 0 

^^i^y^XYu-h. (1 0 0—1 50 0nm) h^h 
clti&^llf^ tV^. TiM60M3&«10 0nm*^-C^>$ 
hWt^^'^m.^^hM'. i7tl50 0nm$:$Si.-C 

^S:^-r^;fcit'^=5:V^. MoT. GaN^tO 

^tC^HF^L<ti. Ti^^0j^^2000-1 00 
OO^y^^Xhn— A (200—10000111) h-f 

[0021] @3tiir7 r >f T^®±{Ct5ttST i ^ 

H I ) x^-cy\,z)^ 0^l:ttr-^c7)^i^5feE (ffi^tfi) 

H^iajK: 150*0 
IK^: 300nin 

[oo2 2]M3£^*j:0. TiSoig^msao. 

t>. Tii7)^^5SJ^^2nm/sl.:Uifc^S^tli^ 

[ 0 0 2 3 ] 04 r3£«£^±t-t5tt^T i ^ 

0^O^ti* (PH I ) 7.^^Vt,z^^WCL^- 

W^m:^'- 0. 5nm/s 



30 0 nm 

[oo24]g4<^mJ:0, ^yr^rmim^mz 

»t=5:V^. ^^i5t9>5^ia*tlb&^^3 5 0t:i7)^T'^^ 

2 5-2 5 Ot:'Cfc 0 . ^l,zW,zmL<\t 15 0-2 
5 0X;Tfc^. ^riS, :*:^^*^c0^tiJ:ntf. mm 
S^gti 1 3 0- 1 7 0X;i:i-& -r fc3&5i5Fi Ll^^C: t*S;b 

*-o7t. S(ciJtL<titata:i 5 0x:T'3^^, 170-0 

J: O^v^^c-r^ i: T i cOcfSSlfnttA^ffiTfe-e-iU^ 
[OO25]05li-9-:7r>r rSft£®±t::i5 tt§ T i ^ 

mm^: 0. 5 nm/s 
l^^iag: 150-C 
: 300 nm 

i6\^xim\,z^^tt^ix<r>}m.t.'cmi ( 5^) u 

y::i:^^?5t>iO-C*,^. ^iffll t^«t::<^ (PHI ) 

x^-^y\zx^mti\:-9m-^^ {mnm x-h 

[0026] @5i7)feMJ;0. TiStC750T:^m 

^l^tf , T i m<n±JliZ'J^^j:< t t-'OCOG a N^tO 
i-CtiT i 7 5 Ormrt^^ 
^UT±><C:i:*5tff^U>. ^itlSli7)GaN^(;0^ 

f<c^(:o?gfi^i^i«iio±fc:ig 2 (J5G a n^mmm^i^ 

m-h:Lhl3^X^h<7)X\ mi^OGaN^^fMcO 

mzii\^xT im<n^m.imyLxi:>. mi^oGaw 
m^wm<mm.t^mm^fix\^^hm. m2<DG 
a N^:<^mmcom^^z^i}i\i^^\*'^tf^hTht. 

m 5 0 , T i ^^±tCiP^=5:< t t>-OiOG a N 

[0027] 06iiif7T>rrsi^^±tc?^^^tLy:rT 

fcifiJc^;^ /ifcG a N^(^M$:M^^/ca^>^0 2 ^ - 
<» (2^ : 20-1 oojg) x^-f^ycom^^^. 
i02^-6)X^-\'y^7 ^ 'J •yr;^*I^4$ftM*fe^B 

(SSn"n^ : x-pert ) izX ^^-ot: {WF<r>2 0 
-a>x^^y<r>mm^i^nt, ) , mecol&^^nt: 

t ^ COT i mcm^m±<k<m nxh->fz. 

mmm,: 0. Snm/s 
^C-SJ^: 150X: 
TO: 30 Onm 

[0028] tti. A 1 nmfO^^yyrM'kBfSi-thm 
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i^^^ (3x10-5 To rr) TTi/if7r-fr 

4 0 or 

TMA 
H 2 

[0 0 2 9] GaN^TEi^^TMOCVD^^Ccfc 

looor 

tt^t;(fX2 : TMG 

^^rUr:ffX : H 2 

^t5. JJJlT^t^iSV^TGaNStf^^^iliifi^I^ 
[00301 ^7tffl6i:^timtCOV^-C^ (PH 

I ) x^^ry^n^tlb^(7)^^T$>t, msm/mi 

cm^kip^. Ti /-^7r-fT±C. A\W<^-/yrm 

:ibi^ht^h. tafoT. A 1 N/T i r>f 
r±t3GaN^co^f<c^^^;l^-^tf. ^cO^f^c 

[0031] msit^yr^rmmi.kzm^^titi'^ 

i®£0±tC^tCA I GaNSO^^-y7r^$:J^fRL. ^ 

<^±t;:fi£:^$^ G a nm(m^^^nm-thtiih(7) 2 

^-o) (2^9 : 2 0-lOOJg) X^^X^^^^ 
(3X10- 5 Tor r) TT i /-^^ r 6 

oox:-c5m!ni^Uc . a i g 

iajg : 300T: 

^f^;(rxi : ry^-r 

tf?f;5r;^2 : TMA 

*J^;!fX3 : TMG 

^^ur^yx : H 2 

[0 0 3 2] GaN;iii^6^llX®7C0^fcf^-'ir^ 

f^'CMOCVD^t;:J;0?^^tK:. 09ti@8t^l:iS 
i^\,zr>\^X<f> (PHI ) ;^^-\'>'$rffoy::t^O*£M'e 

tC. A 1 GaN^^'y7rli&^LT. ^i^^^T^GaN 

bcry^m^iy. A.y7rS5:AlGaNilt-rSi:-e^0 
lizm^^fih G a Nli7)*S,fBtt*« J: 0 ^< - 1 *^ 



[003 3] 01 OtiT i/-9-7 r^r±tc. Al Ga 
Ny\''y7r^^^tT, «:^$n3tGaNfiOfe^^W 

mthn'j^y^i3-~fxhh, mx3 v^yyt-y 

[0034] 01 l»iA 1 GsiNmcOJ^yyrm<0^^ 

mm^txn^fif:i<f> (PH I ) x^^ry<r)6:^\:~ 

(3XlO-5Torr)tC 

ureoox:. s^iHSffoTt. A\Ga.nm<r>f^^vyr 

^60MOCVD£0^ti<J:(^>jiO-CS>o:t. 



1 : T v^^r 

|J^;{rX2 : TMA 

MmifX3 : TMG 

^^VT/fX : H 2 

^rA^tir;irx^fijt ( th;/(tmg;+tma) ) : o. 6 2 

5 

[0035] mi liOtSm*^^. AlGaNSSiO>'^y7 
rSi'5^;giajgfti2 5 0-3 5 0X:t-r&^ t^EJ^if ^ L 
V^, |g(c:|&F^L<»5280'-330X:r3^S. |gt3|gtc 

fi^^L<ti*Jt3r3 0 0T:r*>s. 

[0036] 01 2liA 1 GANm<0^<-/yrM^B^ 
SB^OTMOt TM ACO^^ U T:^xmM\tt G a N 
fe^h<7)B|^^^-r. 0i'?iffiSaiti:09i:f5l^t::tT^ 
i^iTJt^ (PHI) x^^ry<06^\::-^^cr>^^ 

tii^xhh. :i<nT im\,zm-h9')--y'r\irf-^ 

yvA'l^^^^ (3X 1 0- 5 To r r) t'LT6 00 
r;, S^tf^^c. A 1 GaNS^A»/7rM£0MOC 

^ : 300X: 

m;<fX2 : TMA 

^m^X3 : TMG 

^-v^^JT^X : H 2 
^^rUTi^xmMit{ TMG/(TMG+TMA) ) : 
G a NmcojB^fefHiK^co t iJ 0 5 , 
[0 037] 012c7)Jgm**^>^^Ur;<f;^tOB£fiitli 
TMG/ (TMG+TMA) =0. 4'-0. Sfc-f^^r 

^il^1fin:^XC0^fVitX\^^dt. TMG/ (TMG-h 
TMA)=0. 53-0. 87t'r^;iti)mtL\i\ 

mzmt<\i. PISSaJto. 5-0. 7 (^^;uit- 
0. 6 3-0. 8 0) •C$>§. iet:||t::^ff*L<ti^ 
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fttfcO. 60-0. 6 5*CJ»^o RjOLtfc 
= 0. 625 (Rt;Ht=0. 737) ;ii«©i)if^U^ 

/ (TMG+TMA) =0. 625t'ttt. y^yyr 
m(7MmtA 1 0 . 9 Gao . 1 NTh-yti^ A I « G 
ai - a NgC0A.y7r®tCtJV^rAl60mitati 
0. 85-0. 9 5}::-th:iti)^1tftLi\ 

C00393 01 3aTi/i?-7r^r£0^'U--y^ 
mmifZLX%^fvf::4> (phi) x^-iryco6*cohr 

^^tifBE^iS^tfcOT'ife^. AlGaNA-y^rM^l 
tXGaN®0?g|fe^iS8i7)i^tl^-'T&^o i^. 

l^r^^ (^^: 3Xl0-5Torr)tcLT. ^ 

sttJcoa^^H^ (A) 

[00403 01 3c7)Jgm:6-A>. 1^7r>fr^;i±C 

*±5 0 0-7 5 ox:t^h:i ta^n^ tvv iet::iSFi L 

<ii 550-70 OX:rfcS . IgtcHi^i? i t < *i 6 0 
0— 650*C-e*)So ^V—-y^^:^0t%(OM^ 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the semiconductor device of a GaN system 
[0002] 

pescription of the Prior Art] It is known that the semiconductor of a GaN system can be used as a blue light emitting device. 
Generally in this ti ght emitting device, sapphire is u sed as a substrate. 
[0003T ' ■ 

[Problem(s) to be Solved by the Invention] There are the following as one of the technical problems which should be solved 
in the substrate made from this sapphire. That is, since silicon on sapphire is transparent, the light of a light emitting device to 
take out from the upper suiface of an element originally will penetrate the silicon on sapphire under an element. Therefore, 
the light made to emit light by the light emitting device cannot use effectively. 

[0004] Silicon on sapphire is expensive again. Furthermore, since silicon on sapphire is an insulator, it is necessary to fonn 
an electrode in the same side side, and it must ********** ^ pg^t of semiconductor layer, and the process of bonding also 
serves as double precision according to it. Moreover, in order to form n and p two electrodes in the same side side, the 
problem of a charge up also had a limit also in the miniaturization of element size. 

[0005] Moreover, although use of Si (silicon) substrate could be considered instead of silicon on sapphire, according to 
examination of this invention person, it was very difficult [ it ] to grow up the semiconductor layer of a GaN system on Si 
substrate. As one of the cause of the, there is a difference of the coefficient of thermal expansion of the semiconductor of Si 
and GaN systems. The coefficient of linear expansion of GaN is 5.59 to the coefficient of linear expansion of Si being 4.7 X 
10-6/K. It is X 10-6/K, and the former is smaller than the latter. Therefore, if it heats in case the semiconductor layer of a 
GaN system is grown up, an element will deform so that Si substrate may be elongated and the semiconductor layer side of a 
GaN system may compress. At this time, a tensile stress arises in the semiconductor layer of a GaN system, and there is a 
possibility that a crack may occur as a result. Moreover, although a crack does not arise, distortion arises in a grid. It becomes 
impossible therefore, for the semiconductor device of a GaN system to demonstrate the original function. 
[0006] This invention aims at offering the semiconductor device of the GaN system of new composition in view of such a 
technical problem. Other purposes of this invention are to offer the layered product of new composition of becoming the 
inteiTnediate field of the semiconductor device of a GaN system. 
[0007] 

[Means for Solving the Problem] Then, this invention persons inquired wholeheartedly to find out the new substrate suitable 
for growing up the semiconductor layer of a GaN system. Consequently, in Japanese Patent Application No. No. 
(970152/surrogate reference number P0060 of applicant reference numbers) 293465 [ nine to ], it hit on an idea on the 
following matters, and this was indicated. That is, in order to have carried out hetero-epitaxial growth of the semiconductor of 
a GaN system on the substrate, the subsU-ate resulted in when at least two of following requirement ** - **s needed to 
be satisfied. 

Thing ** with the good adhesion of the semiconductor of a GaN system, and a substrate the elastic modulus of a thing ** 
substrate with near coefficient of thermal expansion of the semiconductor of GaN system and coefficient of thennal expansion 
of a substrate -- a low - things -- lattice constant of the semiconductor of the lattice constant |/GaN system of the 
semiconductor of the lattice constant-GaN system of the thing ** | substrate as the semiconductor of a GaN system with the 
same coastal structure of a ** substrate <= What is been 0.05 (that is, the difference of the lattice constant of a substrate and 
the lattice constant of the semiconductor layer of a GaN system is **5% or less), at least three [ of course, ] of the desirable 
above-mentioned requirements -- further - desirable - the inside of the above-mentioned requirements -- at least four - and 
all the five requirements are satisfied most preferably 

[0008] As a material with which are satisfied of such conditions, some metallic materials are obsei-ved by application 
Japanese Patent Application No. No. 293465 [ nine to ] of the point as stated above. Ti is indicated as one in it. Moreover, 
according to application of the point concerned, the substrate has just satisfied the above-mentioned requirements in the front 
face, i.e., the field which touches the semiconductor layer of a GaN system, at least. Therefore, the base portion of a substrate 
can be formed with arbitrary material, and the surface portion of a substrate can also be formed with the material with which 
are satisfied of the above-mentioned requirements. The buffer layer which consists of AlalnbGal -a-bN (a= 0, b= 0, and 
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a-b-0 are included) like AIN or GaN can be made to intervene between a semiconductor layer and a substrate like the case of 
silicon on sapphire. 

[0009] On the other hand, according to Japanese Patent Application No. No. (970136/suiTogate reference number P0057 of 
applicant reference numbers) 293463 [ nine to ], the semiconductor device of composition of thai the buffer layer of the sake 
for a stress buffer intervenes between Si substrate and the semiconductor layer of a GaN system is indicated. Although some 
metallic materials are observed as a material which constitutes this buffer layer for a stress buffer by application Japanese 
Patent Application No. No. 293465 [ nine to ] of the point concerned, Ti is indicated as one in it. That is, the semiconductor 
device of composition of that Ti layer is formed on Si substrate and the semiconductor layer of a GaN system is formed on it 
is indicated. 

[0010] This invention was made based on the matter indicated by application of above two places. And it is improved and 
developed further. That is, the 1st aspect of affairs of this invention is as follows. The semiconductor device of the GaN 
system which comes to have the substrate by which the field which counters the semiconductor layer and this semiconductor 
layer of a GaN system was made the product made from Ti. 

[001 1] Thus, according to the constituted semiconductor device, when the semiconductor layer of a GaN system takes 
light-emitting-device structure, this substrate itself carries out the duty of a reflecting layer. Therefore, the light which emitted 
light with the element can be used effectively. Therefore, formation of the separate reflecting layer needed by the light 
emitting device or photo detector using ti'ansparent silicon on sapphire becomes unnecessary. Moreover, the removal work of 
the substrate concerned at the time of forming a substrate with the material which absorbs light like GaAs becomes 
unnecessary. 

[0012] (semiconductor layer of a GaN system) The semiconductor of a GaN system is an 111 group nitride semiconductor, 
and, generally it is expressed with AlXGaYInl-X-YN (0<=X<=1, 0<=Y<=1, 0 <=X+Y<=1). Moreover, arbitraiy dopants 
may be included. In a light emitting device and a photo detector, it is the composition inserted as eveiyone knows in the 
semiconductor layer (clad layer) of the conductivity type from which a luminous layer differs, and a superstructure, double 
hetero structure, etc. are adopted as a luminous layer. The electron device represented by FET structure can also be fomed 
with the semiconductor of a GaN system. The semiconductor layer of a GaN system is formed of a well-known 
organometallic compound vapor growth (henceforth the "MOCVD method"). Moreover, it can fonn also by the well-known 
molecular-beam cr\'stal-growth method (the MBE method). 

[0013] (substrate) The field where a substrate counters the front face, i.e., the semiconductor layer of a GaN system, should 
just be fonned by Ti. Therefore, a lower layer (base layer) can be fomied with other arbitrary material by making only the 
surface layer of a substrate into the product made from Ti. Moreover, the base layer of a substrate is fonned with Ti material 
or Ti alloy containing low purity or the impurity, and a surface layer can also be formed by Ti of a high grade. In addition, as 
for the field which counters the semiconductor layer of a GaN system, it is desirable to consider as the product made from 
single crystal Ti. Moreover, Ti is also replaceable with Ti alloy under the conditions on which the crystal structure is 
maintained substantially. 

[0014] As for a substrate, it is desirable to have conductivity as a whole. It becomes possible to connect an electrode to 
conductivity, then a substrate and to energize a substrate in the semiconductor layer of a GaN system from a substrate side. 
Therefore, complicated etching to the semiconductor layer concerned needed when a light emitting device or a photo detector 
was constituted from a semiconductor layer of a GaN system becomes unnecessaiy. If it says in the example of drawing 21 , n 
clad layer will become outside connectable electrically through a substrate. On the other hand, since this was insulation, in the 
case of silicon on sapphire, the luminous layer and p clad layer needed to be **********ed, and it needed to expose n clad 
layer, and it needed to connect this to the exterior electrically. Since energization became possible from the substrate to the 
semiconductor layer, the bonding to an external power also becomes easy. Furthermore, if a ground is taken, tlie problem of a 
charge up will also be solved easily. 

[00 1 5] Thus, in order to give conductivity to a substrate, the base layer of a substrate is formed by a metal Si, GaAs, 
conductive GaP and ZnO, conductive ZnSe(s), etc., such as Cr, Hf, Nb, Re, Ta, Ti, V, Zr, and Y. this base layer - receiving 
-- CVT)(s) (Chemical Vapour Deposition), such as plasma CVD, Heat CVD, and Light C VD, a spatter, vacuum 
evaporationo, etc. — etc. (Physical Vapour Deposition) etc. Ti layer is formed by the method 
[0016] 

[Embodiments of the Invention] According to the gestalt of implementation of one of this invention, sapphire is adopted as a 5c 

base layer of a substrate and the vacuum evaporationo of the single crystal Ti layer is carried out to (He li ont lace ol the ^ I fl^- A-^ 

sapphire base layer concerned. Drawing 1 shows the crystalline thickness dependency of Ti single crystal. The fomiation 

conditions of Ti layer when obtaining the result of drawing 1 are as follows. 

evaporation-rate: - 0.5 nm/s vacuum evaporaUono temperature: - 150-degree-C thickness: -- the intensity of the vertical axis 
of drawing 1 is the average intensity (relative value) of six peaks acquired when [ which was the measuring object ] phi (PHI) 
scan was performed to Ti layer Crystallinity is so good that the intensity of a vertical axis is large. In order to improve the 
crystallinity of the semiconductor layer of a GaN system, it cannot be overemphasized that high crystallinity is required also of 
Ti layer used as the foundation. In addition, with phi (PHI) scan to Ti single crystal, when rotating a sample 360 degrees, six 
peaks corresponding to a hexagonal (1 0 1-2) field are acquired. Thus, Ti layer by which six peaks were obsen^ed with phi 
(PHI) scan is a single crystal, or it is thought that it is close to a single crystal. Please refer to Joumal of Electronic Materials, 
Vol.25, No. 1 1 , pp. 1 740- 1 747, and 1 996 about phi (PHI) scan. 
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[0017] Moreover, the following pretreatment is performed before forming Ti layer in obtaining the result of drawing 1 . It is 
the same when the result shown in other drawings is obtained. Silicon on sapphire is set into a chamber, vacuum length is 
earned out to 3xlO-5Torr with the vacuum pump industrially used widely, and it is filled with the inside of a chamber with 
nitrogen gas after that. This work is repeated 3 times. This is for preventing beforehand that reduce the oxygen in a chamber 
and Ti oxidizes. Therefore, if the oxygen in a chamber can fiilly be discharged, it is also possible to lake other methods. In 
addition, since the limit (usually : - lO-TTorr) was in the degree of vacuum by the capacity of the vacuum devices of an 
attachment to the vacuum evaporationo equipment industrially used widely now according to examination of this invention 
persons, it was indispensable to have repeated this nitrogen purge. Of course, other inert gas can be used instead of nitrogen 
gas. Next, vacuum length of the nitrogen gas is carried out to 8xlO-7Torr with a diffusion pump. 
[0018] After the end of this pretreatment, while heating a substrate to temperature predetermined at a lamp heater, the 
electron beam was irradiated at bulk of Ti, this was dissolved, and the vacuum evaporationo of the single ciyslal Ti layer was 
carried out on silicon on sapphire. 

[0019] Philips 4 shaft type single crystal dififractometer (product name : X-pert) performed phi (PHI) scan (the same is said of 
the following phi (PHI) scans.). An example as a result of phi (PHI) scan (at the time [ Ti layer : ] of 300nm) is .shown in 
drawing 2 . The average of the intensity (relative value) of six peaks coixesponding to the field (1 0 1 -2) of Ti which appeared 
in drawing 2 serves as a value of the vertical axis of drawing 1 . 

[0020] As for the thickness of Ti layer formed in the front face of the base layer made from material other than Ti, it is more 
desirable than the result of drawing 1 to consider as 1000-15000A (100-1500nm). Sufficient c^'stallinity cannot be acquired 
with the thickness of Ti layer being less than lOOnm, and it is not necessary to thicken Ti layer more than ISOOnni, It is 
because time is only required for membrane formation. When there are no restrictions in the time of membrane foiTnation, it is 
not necessary to establish an upper limit. Moreover, by preparing Ti layer of thickness of this level, it is reflected in the Ti 
layer concerned and what was emitted to the substrate side among the light which emitted light in the semiconductor layer of a 
GaN system does not penetrate a substrate. Therefore, all will be taken out from the front face of an element substantially [ the 
light produced in the semiconductor layer of a GaN system ], and a deployment of the light concerned is attained. 
Furthermore, thickness of Ti layer is preferably made into 2000-10000A (200- lOOOnm). 

[002 1 ] Drawing 3 shows the evaporation-rate dependency of Ti vacuum evaporationo film crystallinity on silicon on 
sapphire. The vertical axis of drawing is the average intensity (relative value) of the peak acquired with phi (PHI) scan. In 
addition, the formation conditions of Ti layer when obtaining the result of drawing 3 were as follows, 
evaporation-rate: ~ measuring object vacuum evaporationo temperature: -- 150-degree-C thickness: - 300nm [0022] From 
the result of drawing 3 , the evaporation rate of Ti layer is understood that considering as 0.5 or more nm/s is desirable. In 
addition, it is not realistic to make the evaporation rate of Ti into 2 or more nm/s. It is because degradation of surface 
morphology is seen. 

[0023] Drawing 4 shows the vacuum evaporationo temperature (substrate temperature at time of vacuum evaporationo) 
dependency of Ti vacuum evaporationo film crystallinity on silicon on sapphire. The vertical axis of drawing is the average 
intensity (relative value) of the peak acquired with phi (PHI) scan. In addition, the fomiation conditions of Ti layer when 
obtaining the result of drawing 4 were as follows. 

evaporation-rate: - 0.5 nm/s vacuum evaporationo temperature: - measuring object thickness: - 300nm [0024] It is 
expected from the result of drawing 4 that crystal linit}' sufficient among 350 degiees C is acquired from the so-called room 
temperature state where silicon on sapphire is not heated especially. Furthermore, it is 25-250 degrees C preferably, and is 
150-250 degi ees C further still more preferably. In addition, according to examination of this invention persons, vacuum 
evaporationo temperature was understood that it is desirable to consider as 130- 1 70 degrees C. Furthermore, it is about 1 50 
degrees C preferably. It is because fall fear has the c axis stacking tendency of Ti when it is made temperature higher than 1 70 
degrees C. 

[0025] Drawing 5 shows the heat treatment temperature dependence of Ti vacuum evaporationo film ciystallinity on silicon 
on sapphire. The formation conditions of Ti layer when obtaining the result of drawing 5 were as follows, 
evaporation-rate: -- 0.5 nm/s vacuum evaporationo temperature: - 1 50-degree-C thickness: - it is a thing when heating to 
each temperature which shows Ti layer / silicon on sapphire obtained by doing in this way 300nm to a horizontal axis in a 
heat treating furnace (for 5 minutes) A vertical axis is the average intensity (relative value) of the peak acquired with phi 
(PHI) scan like drawing 1 . 

[0026] The result of drawing 5 shows that the crystallinity falls, when the temperature exceeding 750 degrees C is applied to 
Ti layer. It is desirable to hold Ti layer at 750 degrees C or less until it will grow up the semiconductor layer of at least one 
GaN system on Ti layer, if it puts in another way. Since after formation of the semiconductor layer of the 1st GaN system 
concerned can form the semiconductor layer of the 2nd GaN system on this, the temperature at which the ciystallinity of the 
semiconductor layer of the 1st GaN system is held turns into critical temperature. It is because the ciystallinity of the 
semiconductor layer of the 2nd GaN system is not affected as long as the ciystallinity of the semiconductor layer of the 1 st 
GaN system is maintained even if the crystallinity of Ti layer falls in this critical temperature. It is still more desirable than the 
result of drawing 5 to hold Ti layer at 600 degrees C or less until it grows up the semiconductor layer of at least one GaN 
system on Ti layer. 

[0027] Drawing 6 forms the buffer layer of further the product made from AIN on Ti layer formed on silicon on sapphire, and 
shows the result of 2 theta-omega (2theta:20-100 degree) scan for evaluating the crystallinity of the GaN layer which grew on 
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it. Philips 4 shaft t>pe single crystal diffractometer (product name : X-pert) also perfomied this 2 theta-omega scan (the same 
is said of the measurement result of the following 2 theta-omega scans.). The formation conditions of Ti layer when obtaining 
the result of drawing 6 were as follows. 

evaporation-rate: -- 0.5 nm/s vacuum evaporationo temperature: - 150-degree-C thickness: -- Ti layer was formed on the 
conditions with 300nm same also about the measurement result of still the following 

[0028] Moreover, before forming the buffer layer made from AIN, Ti/siiicon on sapphire was heated for 5 minutes at 600 
degrees C in the vacuum (3xlO-5Torr) (vacuum cleaning). The buffer layer made from AIN was fomied by the MOC VD 
method on condition that the following. 

Reaction container internal pressure : Ordinary-pressure temperature : 400-degree-C material gas 1 : Ammonia material gas 
2 : TMA caiTier gas : H2 [0029] The GaN layer was formed by the MOC VD method on condition that the following. 
Reaction container internal pressure : Ordinary-pressure temperature : 1 000-degree-C material gas I : Ammonia material gas 
2 : TMG carrier gas ; In the following examples which are H2, the formation conditions of a GaN layer are the same as that of 
the above. 

[0030] Drawing 7 is a result when performing phi (PHI) scan about the same sample as drawing 6 . The result of drawing 6 
and drawing 7 shows that GaN which grew through the AIN buffer layer on Ti/silicon on sapphire has desirable ciystallinity. 
Therefore, if the semiconductor layer of a GaN system is grown up on this AlN/Ti/silicon on sapphire, semiconductor 
devices, such as a light emitting device which may function enough by this semiconductor layer, can be foraied. 
[0031] Drawing 8 forms the buffer layer of fiirther the product made from AlGaN on Ti layer fonned on silicon on sapphire, 
and shows the result of 2 theta-omega (2theta:20- 1 00 degree) scan for evaluating the co'stallinity of the GaN layer which 
grew on it. In addition, before forming the buffer layer made from AlGaN, Ti/silicon on sapphire was heated lor 5 minutes at 
600 degrees C in the vacuum (3xl0-5Torr) (vacuum cleaning). The buffer layer made from AlGaN was fomied by the 
MOCVD method on condition that the following. 

Chamber internal pressure : Ordinary-pressure temperature : 300-degree-C material gas 1 : Ammonia material gas 2 : TMA 
material gas 3 : TMG carrier gas ; H2 [0032] The GaN layer was formed by the MOCVD method on drawing 6 and the same 
conditions as the case of drawing 7 . Drawing 9 is a result when perfomiing phi (PHI) scan about the same sample as drawing 
8 . The result of drawing 9 and drawing 8 shows that GaN which grew through the AlGaN bulfer layer on Ti/silicon on 
sapphire has desirable crystallinity. The crystallinity of the GaN layer formed on it is better, and comparison with drawing 6 
and drawing 7 shows a bird clapper, when a buffer layer is made into the product made from AlGaN. 

[0033] Drawing 10 is a rocking curve which evaluates the ciystallinity of GaN which gi ew through the AlGaN buffer layer on 
Ti/silicon on sapphire. It turns out that it has property sufficient as a semiconductor layer that this GaN constitutes a light 
emitting device from a result of the rocking curve concerned if it is this contractor. 

[0034] Drawing 1 1 shows the relation between the growth temperature of the buffer layer made from AlGaN, and GaN 
crystallinity. The vertical axis of drawing is the average (relative value) of six peak intensit)' of phi (PHI) scan obtained like 
drawing 9 . In addition, the formation conditions of Ti layer are as stated above. The inside of a chamber was made into the 
vacuum (3NlO-5Torr), and 600 degrees C of cleanings to this Ti film performed it for 5 minutes. The conditions of MOC VD 
of the buffer layer made from AlGaN were as follows. 

Chamber internal pressure H2 carrier-gas flow rate ; Ordinary-pressure temperature : Measuring object material gas 1 : 
Ammonia material gas 2 : TMA material gas 3 : TMG canier gas : (TMG/(TMG+TMA): 0.625[0035]) As for the growth 
temperature of the buffer layer made from AlGaN, from the result of drawing 1 1 , it is desirable to consider as 250-350 
degrees C. Furthermore, it is 280-330 degrees C preferably. Furthermore, it is about 300 degrees C still more preferablv. 
[0036] Drawing 1 2 shows the relation between the carrier gas flow rate of TMG and TMA at the time of forming the bullcr 
layer made from AlGaN, and GaN crystallinity. The vertical axis of drawing is the average (relative value) of six peak 
intensity of phi (PHI) scan obtained like drawing 9 . In addition, the formation conditions of Ti layer are as stated above. The 
inside of a chamber was made into the vacuum (3xlO-5Torr), and 600 degrees C of cleanings to this Ti film perfomied it for 
5 minutes. The conditions of MOC VD of the buffer layer made from AlGaN were as follows. 
Chamber internal pressure H2 carrier-gas flow rale : Ordinary-pressure temperature : 300-degree-C material gas 1 : 
Ammonia material gas 2 : TMA material gas 3 : TMG carrier gas : (TMG/(TMG+TMA): the formation conditions of a 
measuring object GaN layer are as stated above.) 

[0037] The flow rale of carrier gas is understood that being referred to as TMG/(TMG+TMA) =0.4-0.8 is desirable from the 
result of drawing 12 . Therefore, when it says by the mole ratio of the material gas supplied in a reaction container, being 
referred to as TMG/(TMG+TMA) =0.53-0.87 is desirable. Furthermore, it is this flow rate 0.5-0.7 (this mole-ratio = 
0.63-0.80) preferably. Furthermore, it is this flow rate 0.60-0.65 still more preferably. Now, this flow rate = it is thought that 
0.625 (this mole-ratio = 0.737) is the most desirable. 

[0038] When carrier gas flow rate was set to TMG/(TMG+TMA) =0.625 in the conditions when obtaining the result of 
drawing 1 2 according to examination of this invention persons, composition of a buffer layer was aluminum0.9GaO. 1 N. As 
for the composition ratio a of aluminum, in the buffer layer made from AlaGa I -aN, being referred to as 0.85-0.95 is 
desirable. 

[0039] Drawing 13 shows the relation between the cleaning temperature of Ti/silicon on sapphire, and the ciystallinity of 
GaN. The vertical axis of drawing is the average (relative value) of six peak intensity of phi (PHI) scan obtained like drawing 
9 . In addition, the formation conditions of Ti layer are as stated above. The formation conditions of an AlGaN bufler layer 
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and a GaN layer are the same as that of the case of drawing 8 . In addition, the result of the cleaning shown in the black 
painting trigonum in drawing is a thing when making into a vacuum (degree of vacuum ; 3\ 10-5Toit) the substrate which 
carried out the vacuum evaporationo of Ti on silicon on sapphire within a MOCVD chamber, heating to the temperature of a 
request of a substrate at a lamp heater, maintaining for 5 minutes at the temperature, and cooling radiationally after that. On 
the other hand, the result of the cleaning shown in the white trigonum in drawing (**) is a thing when supplying hydrogen to a 
MOCVD chamber (inside of a chamber : one atmospheric pressure), heating the substrate which canied out the vacuum 
evaporationo of Ti on silicon on sapphire to the temperature of a request of a substrate at a lamp heater, maintaining it for 5 
minutes at the temperature, and cooling radiationally after that. 

[0040] When Ti is heated and cleaned in a vacuum from the result of drawing 1 3 before fomiing a buffer layer after 
depositing Ti layer on silicon on sapphire, it turns out that a crystalline high GaN layer is obtained. As for the temperature of 
cleaning, it is desirable to consider as 500-750 degrees C. Furthermore, it is 550-700 degiees C preferably. Furthemiore, it is 
600-650 degrees C still more preferably. Although especially the degree of vacuum when cleaning is not fimited, it is 
desirable to attain the highest possible degree of vacuum from the standpoint which removes an impurity from Ti layer. 
[0041] ft is thought that it can say the above result that the same is said of the case where Ti layer on Si and the substrate 
made from the other materials is formed although related with the combmation of silicon on sapphire and Ti layer. 
[0042] Drawing 14 shows the wafer washing dependency of Ti crystallinity deposited on the field ( 1 1 1) of Si substrate. 
However, the vacuum evaporationo conditions of Ti are as follows (it is the same as the time of silicon on sapphire), 
evaporation-rate: - 0.5 nm/s vacuum evaporationo temperature: - 1 50-degi-ee-C thickness; - to a 300nmSi substrate, a 
nitrogen purge removes oxygen from the inside of a chamber substantially like the case of silicon on sapphire, and the solid 
line of drawing 14 shows the result when depositing Ti layer to the (11 1) field In addition, drawing 14 shows the result of phi 
(PHI) scan to the field (10 1-2) of Ti layer. On the other hand, the dashed line of drawing 14 is a thing when washing Si 
substrate for 10 seconds by buffered fluoric acid beforehand before a nitrogen purge. Drawing 1 5 shows the result of phi 
(PHI) scan to the field (1 1 2-2) of Ti layer of the sample of drawing 14 . 

[0043] Although Ti layer by which vacuum evaporationo was carried out on Si substrate beforehand washed by buflei ed 
fluoric acid from the resuft of drawing 14 and drawing 15 has good crystallinity, it turns out that the ciystallinity of Ti layer by 
which vacuum evaporationo was carried out on Si substrate to which the acid cleaning concerned was abbreviated is ven' 
bad. • ^ " 

[0044] Drawing 16 shows the result of phi (PHI) scan to the field (1 0 1 -2) of Ti layer deposited on the field ( 1 00) of Si 
substrate like the thing of drawing 14 . Drawing 17 shows the result of phi (PHI) scan to the field ( 1 1 2-2) of Ti layer 
similarly deposited on the field ( 1 00) of Si substrate. 

[0045] From the result of drawing 16 and drawing 17 , Ti layer deposited on the field (100) of Si substrate is understood that 
the crystallinity is ver>' bad irrespective of the existence of acid cleaning. As mentioned above, it is more nearly required than 
the result of drawing 14 - 1 7 to carry out acid cleaning of to make it cany out the vacuum evaporationo of Ti on the field (111) 
of Si substrate to form Ti layer of a single crystal on Si substrate and the Si substrate by buffered fluoric acid, fluoric acid. etc. 
beforehand. 
[0046] 

[Example] Next, the 1st example of this invention is explained. This example is light emitting diode 10, and shows the 
composition to drawing 1 8 . 

[0047] The spec, of each semiconductor layer is as follows. 

A layer : Composition : [ Dopant ] (Thickness) p clad layer 6 ; p-GaN:Mg (0.3 micrometers) Luminous layer 5 : 
Superstructure quantum well layer : In0.15Ga0.85N (3.5nm) Earner layer : GaN (3.5mTi) The number of repeats of a 
quantum-well layer and a barrier layer: 1-1 On clad layer 4 : n-GaN:Si (4 micrometers) Buffer layer 3 : aluminumO.9Ga0 1 N 
(15nm) 

Ti layer 2 : Ti single crystal (300nm) 
Substrate 1 ; Sapphire (300 micrometers) 

[0048] n clad layer 4 can be made into the two-layer structure which consists of n layers of low concentration of electrons by 
the side of a luminous layer 5, and a high concentration-of-electrons n+ layer by the side of a buffer layer 3. A luminous layer 
5 is not limited to the thing of a superstructure, but a terrorism type can be used to a single and it can use a ten orism tvpe and 
homozygous type thing etc. to double. The latus AlXInYGal-X-YN (X= 0, Y= 0, and X=Y=0 are included) layer of the band 
gap which doped acceptors, such as magnesium, can be made to intervene between a luminous layer 5 and p clad layer 6. 
This is for preventing that the electron poured in into the luminous layer 5 is spread in p clad layer 6. p clad layer 6 can be 
made into the two-layer structure which consists of a low hole concentration p-layer by the side of a luminous layer 5, and a 
high hole concentration p+ layer by the side of an electrode 7. 

[0049] In the above, the formation method to a buffer layer 3 is the same as that of the time of obtaining the result of drawing 

W. " 

[0050] The semiconductor layer of each GaN system is formed by the well-known MOCVD method. In this grown method, 
ammonia gas and the alkyl compound gas of an III group element, for example, trimethylgallium, (TMG), a 
U-imethylaluminum (TMA), and trimethylindium (TMI) are supplied on the substrate heated by suitable temperature, a 
pyrolysis reaction is carried out, it has, and a desired crystal is grown up on a substrate. 

[005 1] The translucency electrode 7 is a thin film containing gold, it is wearing the substantial whole surface of the upper 
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surface of p clad layer 6, and a laminating is carried out. The p electrode 8 also consists of material containing gold, and it is 
formed on the translucency electrode 7 of vacuum evaporationo. The vacuum evaporationo of the n electrode 9 is cairicd out 
to n clad layer 4. 

[0052] (The 2nd example) The semiconductor device of the 2nd example of this invention is shown in drawing 1 9 . The 
semiconductor device of this example is light emitting diode 20, gives the same sign to the same portion as the light emitting 
diode 10 of the 1st example shown in drawing 1 8 , and omits the explanation. That is, the light emitting diode 20 of this 
example makes a buffer layer 23 the product made from AIN. 

[0053] (The 3rd example) The semiconductor device of the 3rd example of this invention is shown in drawing 20 . The 

semiconductor device of this example is light emitting diode 30, gives the same sign to the same portion as the light emitting 

diode 10 of the 1st example shown in drawing 1 8 , and omits the explanation. Namely, as for the light emitting diode 30 of 

this example, the buffer layer is omitted. In this case, n clad layer is formed by the MBE method. 

[0054] (The 4th example) The semiconductor device of the 4th example of this invention is shown in drawing 2 1 . The 

semiconductor device of this example is light emitting diode 40. The spec, of each semiconductor layer is as follows. 

A layer : Composition : [ Dopant ] (Thickness) p clad layer 46 : p-GaN;Mg (0.3 micrometers) Luminous layer 45 : 

Superstructure quantum well layer : InO.15GaO.85N (3.5nm) Barrier layer ; GaN (3.5nm) The number of repeats of a 

quantum-well layer and a barrier layer: 1-1 On clad layer 44 : n-GaN:Si (4 micrometers) ButTer laver 43 : 

aluminum0.9Ga0.1N (15nm) 

Ti layer 42 : Ti single crystal (300nm) 

Substrate 41 : Si (1 1 1) side (300 micrometers) 

[0055] The buffer layer 43 made from AlGaN can be replaced by the thing made from AIN like the 2nd example. Moreover, 
a buffer layer 43 is also omissible like the 3rd example. The semiconductor layers 44-46 of a GaN system can be replaced by 
the layer of other composition, respectively, as the 1st example explained. Moreover, each fonnation method is the same as 
that of the 1st example. However, when a buffer layer is omitted, the semiconductor layer of the GaN system which adjoins Ti 
layer is formed by the MBE method. 

[0056] In the above, the formation method of the Ti layer 42 is the same as that of the time of obtaining the result of the 
dashed line of drawing 14 . The buffer layer 43 made from AlGaN was formed like the 1 st example. 
[0057] The translucency electrode 47 is a thin film containing gold, it is wearing the substantial whole surface of the upper 
surface of p clad layer 46, and a laminating is carried out. The p electrode 48 also consists of material containing gold, and it 
is foiTned on the translucency electrode 7 of vacuum evaporationo. A substrate can be used as an n electrode as it is. 
[0058] The deformation mode of the 4th example is shown in drawing 22 . In addition, the same sign is given to the same 
layer as drawing 21 , and the explanation is omitted. As shown in drawing 22 , p clad layer 46, a luminous layer 45, and n 
clad layer 44 can be grown up in order on a buffer layer 43, and a light emitting device 50 can also be constituted. In the case 
of this element 50, since the low n clad layer 44 of resistance serves as the best side, it becomes possible to omit the 
translucency electrode (sign 47 reference of drawing 2 1 ) here. The sign 58 of drawing is n electrode. A substrate can be used 
as a p electrode as it is. 

[0059] Since Ti layer turns into [ Japanese Patent Application No. / which is previous application / No. 293463 / nine to ] / a 
buffer layer for a stress buffer as a publication, the crack resulting from the difference of the coefficient of thennal expansion 
of Si substrate and the semiconductor layer of a GaN system stops thus, almost going into the semiconductor layer of a GaN 
system in the semiconductor device of the 4th constituted example. 

[0060] In addition, the element to which this invention is applied is not limited to the above-mentioned light emitting diode, 
and can be applied also to the electron device of FET structure besides light-corpuscle children, such as light-receiving diode 
and laser diode. Moreover, this invention is applied also to the layered product as inteimediate field of these elements. 
[0061] This invention is not limited to the publication of the gestalt of implementation of the above-mentioned invention, and 
an example at all, and includes the various deformation modes this contractor can hit on an idea of in the range which does not 
deviate from a claim. 

[0062] Hereafter, the following matter is indicated. 

(80) How to form Ti layer of a single crystal substantially under the environment where prepared silicon on sapphii e and 
oxygen was removed substantially, on the silicon on sapphire characterized for Ti by vacuum evaporationo or canning out a 
spatter to this silicon on sapphire. 

(81 ) A method given in (80) characterized by what the membrane formation speed of the aforementioned Ti layer is [nm / 0.5 
//s / or more ]. 

(82) The membrane formation temperature of the aforementioned Ti layer is a method given in (80) characterized by what is 
been room temperature -250 degree C. 

[0063] (83) The membrane formation temperature of the aforementioned Ti layer is a method given in (80) characlei-ized by 
what is been about 1 50 degrees C. 

(84) A method given in either of (80) - (83) characterized by what thickness of the aforementioned Ti **♦♦ is set to 
100-1500nmfor. 

(85) A method given in either of (80) - (83) characterized by what thickness of the aforementioned Ti laver is set to 
200-lOOOnmfor. 

[0064] (86) the above - oxygen - removing - having had - environment - vacuum evaporationo - equipment - a chamber 
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inside -- a vacuum length -- having carried out -- after -- this -- a chamber -- inside inert gas - being full -- making -- 
a process -- one a time -- or -- multiple times -- a deed -- after that -- the above a chamber - inside -- a vacuum length 
-- carrying out -- things -- carrying out -- things - the feature - ** -- carrying out - (-- 80 --) -- 

[0065] (90) How to form Ti layer of a single crystal substantially on Si substrate which prepares Si substrate, can ies out acid 
cleaning of this Si substrate, and is characterized by forming Ti to the field (1 1 1) of this Si substrate under the environment 
where oxygen was removed substantially. 

(91) The aforementioned acid cleaning is a method given in (90) characterized by what is performed by the liquid containing 
fluoric acid or buffered fluoric acid. 

(92) A method given in (90) characterized by what the membrane formation speed of the aforementioned Ti layer is 0.5 or 
more nm/s, or (91). 

[0066] (93) The membrane formation temperature of the aforementioned Ti layer is a method given in (90) characterized by 
what is been room temperature -250 degree C, or (91). 

(94) The membrane formation temperature of the aforementioned Ti layer is a method given in (90) characterized by what is 
been about 1 50 degrees C, or (9 1 ). 

(95) A method given in either of (90) - (94) characterized by what thickness of the aforementioned Ti layer is set to 
100-1500nmfor 

[0067] (96) A method given in either of (90) - (94) characterized by what thickness of the aforementioned Ti layer is set to 
200-lOOOnmfor 

(97) the above - oxygen - removing ~ having had -- environment vacuum evaporationo - equipment a chamber -- 
inside -- a vacuum length -- having carried out -- after -- this - a chamber -- inside -- inert gas -- being full -- making a 
process -- one -- a time -- or - multiple times -- a deed - after that - the above a chamber -- inside a vacuum -- length -- 
carrying out -- things -- carrying out things -- the feature -- ** - carrying out -- (-- 90 --) -- 

[0068] (100) The growth method of the semiconductor layer of the GaN system characterized by heating the aforementioned 
Ti single crystal side under reduced pressure before forming the semiconductor layer of a GaN system on Ti single ciystal 
side. 

(101) The aforementioned heating temperature is the method of a publication for it being characterized by what is been 
500-750 degrees C (100). 

(102) The aforementioned heating temperature is the method of a publication for it being characterized by what is been 
550-700 degi-ees C (100). 

(103) The aforementioned heating temperature is the method of a publication for it being characterized by what is been 
600-650 degrees C (100). 



[Translation done.] 
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